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H^TKW MESENCHYMAL PRECURSOR CELL INDUCED BLOOD VESSEL 
FIELD OF THE INVENTION 

This invention relates to mesenchymal precursor cells that carry a perivascular marker and 
able to induced blood vessel formation, to a composition comprising such precursor cells and 
a method of inducing blood vessels. The invention also relates to treatment of cardiovascular 
conditions in particular ischemia. 
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BACKGROUND OF THE INVENTION 

Vascular conditions constitute a major health problem, particularly in western countries. 
Vascular conditions include heart conditions, peripheral vascular disease and cerebrospinal 



vascular conditions. 



15 



A major proportion of these conditions result from a lack of supply of blood to the respective 
tissues which thus are either chronically or acutely deprived of necessary levels of oxygen and 
nutrients. Typically these conditions result in ischemias where there has been blockage of the 
blood vessel by build op of, for example, plaque or physical blood vessel damage such that 
20 these are either blocked or constricted. 

Heart conditions are perceived as the most prominent vascular disease. About 1 1 million 
adults in the United States of America (1995) had coronary heart disease, that however is out 
of a total of about 60 miffion adults with cardiovascular disease. Other vascular conditions 
25 thus affect a greater number of adults. 

A relatively common cerebrovascular conditoin can manifest as a stroke, where an occlusion 
can lead to an acute attack. A gradual dixninuition of supply may also lead to decreased 
capacnty of the brain to function and it has been postulated that such conditions may be 
30 associated with the onset of certain dementias. 
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PenphemI vascular disease a* associated with a number of condition* for example as a 
complication of diabem, where a typica. inadequacy of the microcirculation depele.es supply 
tp me extremities particularly the feet and legs of oxygen and nulrients. 

5 Anotiter example of reduced locatized supply can occur with me neatinen, of various wounds 
mc udmg severe hums or chronic wound, such as bed sores. Chronic wounds are difficult „ 
heal, party due ,o an msnfficicm vascular bed supp!y „f numC n« and healing compounds. 

,0 * eXMMbated *— " fc »—M»— °*~ involves a highly 

10 flbmnc nssue formmg within minim* blood veasc. formation Scar formation i, also a 
drfficulry associated with achieving an ad^te vascmar supply m circumstances where a 
prosdt^ or other hnpUn, is surgicatiy position in a human tissue. An inadequate blood 
au W .y to me mterface between the hnplan, and the smrounding tissue car,,ead to medical 
comphcanouaaud necrosis. IWaia.far more noticeable re,evance where me imphm, is 
15 imemied « a long term s.ow rdcas. depot offer example . phaunaceuticaT 

Treamten, of myocamial ischemias are pmbably me meat advanced of current treatments of 
" -dtttona. Preen, treatments include pham,aco,ogica> merxpies, comnary J£ 
b »-^^ Paeons rev^^ 

ang.op.asty. Standard phamtacological therapy to aims eidter Increase b,ood supp,y to 
h-t muse c or decreasing tbe demand ofthe hear, muade for oxygen and nuniZts m^sed 
Wood aupp.y to o« myocardium by taxation of smooth muscle is achieved by 
agen* such aa calcium channel blockers ornitmg^ceHa. Decreased demand of 
muse e for oxyg*. and nmrients is accomplish* eimer by agen« ma, decmaa. me 
hemodynanue ,oad on the hear, such as arterial vasodua to rs, or those tha, decrease me 
contract response of me heart to a given hemodynamic load, such as 8-ad^.w 

^•^^entofisehemiche^ri^ri^d^r 

30 2 , ° d °°*"*°° U * b «™ — Aena-owingindiseased comnary arteries Tlof 
30 mese snateg.es are used U> decrease the number o £ or to eradicate, JZic epjd^ b« an 
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Preliminary reports describe new vessel development in the heart through the direct injection 
of angiogenic proteins or peptides. The several members of the fibroblast growth factor (FGF) 
family (namely acidic fibroblast growth factor, aFGF; basic fibroblast growth fector, bFGF; 
5 fibroblast growth factor-5, FGF-5 and others) have been implicated in the regulation of 
angiogenesis during growth and development Gene therapy has been suggested by 
Hammond et al in US 5792453 as a delivery mechanism for these angiogenic compounds. 

Another suggested approach to promoting new blood vessel formation for treatment of 
1 0 vascular conditions is the administration of stem cells which can differentiate and give rise to 
cells required for such blood vessels to foniL One problem associated with this approach is 
that it is not entirely clear which progenitor cells are responsible for formation of blood 
vessel, or whether indeed more than one cell type is required or whether other angiogenesis 
promoters are required. 

15 

One reported approach described in US patent no 5980887 (to Isner et al) has resulted from 
the isolation of an endothelial progenitor cell and the discovery that such cells play a role in 
blood vessel formation. 

20 Numerous attempts at isolating and enriching mesenchymal precursor cells have been made 
because of the potential that these cells have for medicinal use. Pittinger et a/., (1999) show 
the expansion of clonogenic cells from bone marrow and describes a preparation of enlarged 
mesenchymal stem cells. A more recent example of such a method providing for a relatively 
high yield from bone marrow is disclosed in publication WO01/04268 to Simmons et al.,. 

25 Neither of these reported mesenchymal cells were indicated as being capable of regeneration 
vascular lineages of cells capable of leading to blood vessel formation. 

To date however there have been no examples of isolated mesenchymal precursor cells 
capable of forming vascular tissues in vivo. 

30 

SUMMARY OF THE INVENTION 



(J 



WO 2004/084921 PCT/AU2004/0004.7 

4 

The present invention arises from the finding that a population of mesenchmal precursor cells 
(MPCs) is present in a perivascular niche. This has led to the demonstration that there is a 
liiuch wider range of tissue type sources of MPCs than the single tissue, bone marrow, referred 
to in WO01/04268. The present invention arises from the additional finding that an enriched 
5 population MPCs can be differentiated into two populations discriminated by the marker 3G5. 
MPCs that are 3G5 positive are considered of interest particularly for neovascularization 
applications, although demonstrably they are also able to differentiate into other tissue types. 
It is an additional finding of the present invention that levels of MPCs present in preferred 
enriched populations of this invention are able to give rise to sufficient numbers of committed 

1 0 cells to provide a number of differentiated tissue types. It is an additional finding of the 
present invention that certain levels of MPCs are useful on introduction into a patient to 
provide a measurable vascularisation benefit It has thus specifically beenfound that a level of 
an estimated about 10 s MPCs are sufficient to provide a measurable benefit of cardiac 
improvement in an ischemic rat myocardium. This then provides a datum from which an 

1 5 assessment can bemade about the numbers of MPCs required to provide a beneficial effect. 
This is also believed to be the first time that a cardiac benefit has been shown on 
administration of a mesenchymal precursor cell to the heart 

In a first form of a first aspect the invention might be said to reside in a method of inducing 
20 the formation or repair of blood vessels in a target tissue of a patient the method comprising 
the steps of administering to said patient an effective amount of a population of enriched 
perivascular mesenchymal precursor cells (MPCs) to induce new blood vessel formation in 
target tissue. 

25 In a first form of a second aspect the invention might be said to reside in a method of repairing 
damaged tissue in a human subject in need of such repair, the method comprising: 

(a) obtaining an enriched population of MPC, and 

(b) contacting an effective amount of the enriched population of MPC with the damaged tissue 
of said subject 

30 

In a first form of a third aspect the invention might be said to reside in a method of repairing 
damaged tissue in a human subject in need of such repair, the method comprising: 
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(a) expanding the enriched MPC of claim 41 in culture, and 

(b) contacting an effective amount of the expanded cells with the damaged tissue of said 
subject 

In a first form of a fourth aspect the invention might be said to reside in a method of inducing 
formation or repair of blood vessels, the method comprising the steps of providing a 
population of enriched perivascular mesenchymal precursor cells (MPCs), contacting said 
cells with a growth media, and culturing said cells under conditions to induce them to 
differentiate into new blood vessels. 

In a first form of a fifth aspect the invention might be said to reside in a composition for use 
in inducing heart vessel formation comprising a population of mesenchymal precursor cells 
(MCPs) in a pharmaceuticaly acceptable carrier, said MPCs carrying a perivascular marker 
and being a vascular progenitor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Properties of STRO-l + MACS-isolated cells co-labeled with anti-CD 146 

(CC9). (A) Sort region, Rl, represents the double positive STRO-l BRT /CD146* 
population. (B) The incidence of clonogenic cell colonies (>50 cells) based on 
STRO-l BRT /CD14<r expression was determined by limiting dilution analysis of 
24 replicates per cell concentration using Poisson distribution analysis from 5 
independent experiments. Forward (size) and perpendicular (granularity) light 
scatter characteristics of BMMNCs (Q, STRO-l^/CDMS- cells (D) and 
STRO-l^/CDHo- cells (E). (F) RT-PCR analysis of STRO-l BRT /CDl 46+ 
sorted marrow cells for CBFA1 (lane 2), osteocalcin (lane 4) and GAPDH (lane 
6) transcripts. Control cells (BMSSC cultures grown in the presence of 
dexamethasone) expressing CBFA1 (lane 1), osteocalcin (lane3), and GAPDH 
(lane 5) is also shown. Reaction mixes were subjected to electrophoresis on a 
1 .5% agarose gel and visualised by ethidium bromide staining. (G) In sitxt 
expression of CD146 on blood vessel (bv) walls (arrow) in human bone marrow 
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(bm) sections near the bone (b) surface 20X. Sections were counter stained 
with Hematoxylin. (H) Dual Immunofluorescence staining demonstrating 
. reactivity of the STRO-1 antibody labeled with Texas red and die CC9 antibody 

labeled with fluorescein isothiocyanate, reacting to blood vessel walls in frozen 
sections of human bone marrow. 

Figure 2. Immunophenotypic analysis of DPSCs in vivo. The bar graph depicts the 

number of clonogenic colonies retrieved from single cell suspensions of dental 
pulp following immunomagnetic bead selection based on reactivity to 
antibodies that recognize STRO-1, CD146, and 3G5 and isotype-matched 
negative control antibodies. The data are expressed as the number of colony- 
forming units obtained in the bead positive cell fractions as a percentage of the 
total number of colonies in unfractionated pulp cells averaged from three 
separate experiments. Statistical significance (♦) was determined using the 
student t-test (p 0. 01) comparing the percent total number of colonies for each 
antibody with the corresponding isotype-matched control. 

Figure 3. Reactivity of perivascular makers in dental pulp. (A) Immunolocalization of the 
STRO-1 antigen on blood vessels (small arrows) in human dental pulp (p) and 
around perineurium (large arrow) surrounding a nerve bundle (nb) 20X (B) 
Dual Immunofluorescence staining demonstrating reactivity of the STRO-1 
antibody labeled with Texas Red to dental pulp perineurium (arrow) in 
combination with an anti-neumfilament antibody labeled with fluorescein 
isothiosyanate staining the inner nerve bundle (nb), 40X. (C) 
Immunolocalization of the CD146 antigen to blood vessel waUs in human 
dental pulp tissue 20X. (D) Dual Immunofluorescence staining demonstrating 
reactivity of the STRO-1 antibody labeled with Texas red to a blood vessel and 
the CC9 antibody labeled with fluorescein isothiosyanate. (E) 
Immunohistochemical staining of pulp tissue with a rabbit polyclonal anti-DSP 
antibody (arrow) to the odontoblast outer layer (od). 20X. (F) 3G5 reactivity to 
a single pericyte (arrow) in a blood vessel (bv) wall 40X. Tissue sections were 
counter stained with Hematoxylin. 
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Figure 4. 3 G5 reactivity to BMSSCs. (A) The representative histogram depicts a typical 
. dual-color FACS analysis profile of whole bone marrow mononuclear cells 

(BMMNCs) expressing CD 146 (PE) and 3G5 (FITC). (B) Colony efficiency 
assays were performed for all the different expression patterns observed 
(regions «R» 1-6). The data are expressed as the mean incidence of colony- 
forming units for each cell fraction averaged from three separate experiments. 

Figure 5. Developmental potential of purified BMSSCs and DPSCs in vivo. Cytospin 
preparations of MACS/FACS isolated STRO-l BRT /CD146* marrow cells 
(arrow) stained with an antibody specific to a -smooth muscle actin (A) and 
von WiUebrand Factor (B). CD146* pulp cells (large arrow) isolated by 
•mmunomagnetic bead selection (magnetic beads depicted by small arrows) 
stained with an antibody specific to a -smooth muscle actin (C) and von 
Wfllebrand Factor. (D). (E) Ectopic bone formation (b) and 
haematopoietic/adipogenic marrow (bm) by ex v/vo expanded cells derived 
from STRO-1 BRT /CD1 46* BMSSCs transplanted with HA/TCP into 
immunocompromised mice for three months (E). (F) Ectopic formation of 
dentm (d) and fibrous pulp tissue (p) by ex vivo expanded cells derived from 
CD1 46* DPSCs transplanted with HA/TCP into immunocompromise* mice for 
three months. Sections were stained with Hematoxylin & Eosin. 

Figure 6 Expression of CD34, CD45 and Glycophorin-A on STRO-1 positive bone 

marrow mononuclear cells. Representative histograms depicting typical dual- 
colour flow cytometric analysis profiles of STRO-1 positive bone marrow 
mononuclear cells isolated initially by magnetic activated sorting and co- 
ined with antibodies directed against CD34 (A), CD45 (B) or Glycophorin-A 
(C). The STRO-1 antibody was identified using a goat anti-murine JL 
fluoresce* isothiocyanate while CD34, CD45 and Glycophorin-A were 

STRO-1 fraction which contained the clonogenic MPC population was isolated 
by fluorescence activated cell sorting based on regions Rl andR2 
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Figure 7 Bone marrow MPC are STRO-1 bright, CD34 negative, CD45 negative and 
• Glycophorin-A negative. The graph depicts the results of in vitro adherent 

colony formation assays performed for each of the different sorted STRO-1 
5 bright populations selected by their co-expression or lack of either the CD34, 

CD45 or Gycophorin-A antigens, based on regions Rl and R2 as indicated in 
Figure 6. These data are expressed as the mean incidence of colony-forming 
units for each cell fraction averaged from two separate experiments. 

1 0 Figure 8 Reactivity of perivascular makers in different human tissues. Dual-colour 
immunofluorescence staining demonstrating reactivity of (A) STRO-1 and 
CD146, (B) STRO-1 and alpha-smooth muscle actin, and (Q 3G5 and CD 146, 
on blood vessels and connective tissue present on spleen, pancreas (Panel 1), ' 
brain, kidney (Panel 2), liver, heart (Panel 3) and skin (Panel 4) 20X. The 
STRO-1 and 3G5 antibodies were identified using a goat anti-murine IgM- 
Texas Red while CD146 and alpha-smooth muscle actin were identified using a 
goat anti-murine or IgC- fluorescein isothiocyanate. Co-localization is indicated 
by overlaping areas of yellow and orange fluorescence (white arrows). 

20 Figure 9 Isolation of adipose-derived MPC by FACS. Representative flow cytometirc 
histograms depicting the expression of STRO-1, CD146 and 3G5 in fresh 
preparations of peripheral adipose-derived single-cell suspensions generated 
following collagenase/dispase digestion as previously described (Shi and 
Gronthos 2003). The antibodies were identified using either a goat anti-murine 
IgM or IgG-phycoerythrin. Cell populations were then selected by FACS based 
on their positivity (region R3) or negativity (region R2) to each marker and then 
plated into regular growth medium to assess the incidence of adherent colony- 
forming cells in each cell fraction. 

30 Figure 10 Clonogenic adipose-derived MPC are positive for STRO- 1/3G5/CD146 The 
bar graph depicts the number of clonogenic colonies retrieved from single cell 
suspensions of enzymatically digested human peripheral adipose tissue 
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following fluorescence activated cell sorting, based on their reactivity to 
antibodies that recognize STRO-1, CD 146, and 3G5 (Figure 9), then cultured it 
. standard growth medium as previously described for bone marrow and dental 

pulp tissue (Shi and Gronthos 2003). The data are expressed as the number of 
colony-forming units obtained per 1 0> cells plated in the positive and negative 
cell fractions averaged from two separate experiments. 

Figure 1 1 Immunophenotypic analysis of adipose-derived MPC. Representative flow 

cytometric histograms depicting the co-expression of STRO-1 and CD146 (A) 
and 3G5 and CD 146 in fresh preparations of peripheral adipose-derived single- 
cell suspensions generated following collagenase/dispase digestion. The STRO- 
1 and 3G5 antibodies were identified using a goat anti-murine IgM- 
phycoeiythrin while CD146 was identified using a goat anti-murine IgG- 
fluorescein isothiocyanate. 

Figure 12 Developmental potential of purified Adipocyte-derived MPC in vitro. 

Preparations of primary MPC cultures derived from STRO-lVCD146 + adipose 
cells were re-cultured either in standard culture conditions (A), osteogenic 
inductive medium (B), Adipogenic inductive medium (Q or condrogenic 
conditions (D) as previously described Gronthos et al. 2003. Following two 
weeks of multi-differentiation induction, the adipocyte-derived MPC 
demonstrated the capacity to form bone (B; Alizarin positive mineral deposits), 
fat (C; Oil Red O positive lipid) and cartilage (D: collagen type R matrix). 

25 Figure 13 Isolation of skin-derived MPC by FACS. Representative flow cytometirc 
histograms depicting the expression of STRO-1, CD146 and 3G5 in fresh 
preparations of full thickness skin-derived single-cell suspensions generated 
followmg collagenase/dispase digestion. The antibodies were identified using 
e,ther a goat anti-murine IgM or IgG-phycoerythrin. CeU populations were then 
selected by FACS, based on their positivity (region R3) or negativity (region 
R2) to each marker and then plated into regular growth medium to assess the 
cadence of adherent colony-fornung cells in each cell fraction 
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Figure 14 Clonogenic skin-derived MPC are positive for STRO-1/3G5/CD146. The bar 
graph depicts the number of adherent colonies recovered from single cell 
suspensions of enzymatically digested human skin, following fluorescence 
activated cell sorting, based on their reactivity to antibodies that recognize 
STRO-1, CD146, and 3G5 (Figure <J), then cultured in standard growth medium 
as previously described for bone marrow and dental pulp tissue (Shi and 
Gronthos 2003). The data are expressed as the number of colony-forming units 
obtained per 1 0 s cells plated in the positive and negative cell fractions averaged 
from two separate experiments. 

Figure 15 Prominent in vivo survival of cultured STROl"* cells adjacent to blood 
vessels. 

1 5 Figure 16 Tumour arteriogenesis induced by cultured STR01 Mg6 « cells 
Figure 17 Tumor arteriogenesis induced by progeny of STR01 Wgte cells 
Figure 1 8 Dose-dependent cardiac arteriogenesis by cultured STROl^* cells. 
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Figure 19 Improvement in left ventricular ejection fraction (EF) bymyocardial injection of 
cultured STR01 brigta cells. 

Figure 20 Improvement in left ventricular fractional area shortening (FAS) by myocardial 
injection of cultured STROl"" 1 * cells. 

Figure 21 Improvement in global cardiac function by myocardial injection of cultured 
STR01 brie * cells. 
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Figure 22. Ex vivo expanded STRO-l w MPC can develop into arterioles in vitro. Single 
cell suspensions of ex vivo expanded bone marrow STRO-1"" MPC were 
prepared by trypsin/EDTA treatment then plated into 48-well plates containing 
200ul of matrigel. The STRO-1 ^ MPC were plated at 20,000 cells per well in 
serum-free medium (Gronthos et al. 2003) supplemented with the growth 
factors PDGF, EGF, VEGF at lOng/ml. Following 24 hours of culture at 37°C 
in 5% C0 2 , the wells were washed then fixed with 4% paraformaldehyde. 
Immunohistochemical studies were subsequently performed demonstrated that 
the cord-like structures expressed alpha-smooth muscle actin identified with a 
goat-anti-murine IgG horse radish peroxidase antibody. 



Figure 23 A. Immunophenotypic expression pattern of ex vivo expanded bone marrow MPC. 
Single cell suspensions of ex vivo expanded bone marrow MPC were prepared by 
trypsin/EDTA treatment then incubated with antibodies identifying cell lineage-associated 

1 5 markers. For those antibodies idenrirying intracellular antigens, cell preparations were fixed 
with cold 70% ethanol to permeanbilize the cellular membrane prior to staining for 
intracellular markers. Isotype matched control antibodies were treated under identical 
conditions. Flow cytometric analysis was performed using a COULTER EPICS instrument 
The dot plots represent 5,000 listmode events indicating the level of fluorescence intensity for 

20 each lineage cell marker (bold line) with reference to the isotype matched negative control 
antibodies (thin line). 
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Figure 23 B. Gene expression profile of cultured MPC. Single cell suspensions of ex vivo 
expanded bone marrow MPC were prepared by trypsin/EDTA treatment and total cellular 
25 RNA was prepared. Using RNAzolB extraction method total RNA was isolated and used 
template for cDNA synthesis, prepared using standard procedure. The expression of various 
transcripts was assessed by PCR amplification, using a standard protocol as described 
previously (Gronthos et al. 2003). Primers sets used in this study are shown in Table 2. 
Following amplification, each reaction mixture was analysed by 1.5% agarose gel 
30 electrophoresis, and visualised by etbidium bromide staining. Relative gene expression for 
each cell marker was assessed with reference to the expression of the house-keeping gene, 
GAPDH, using ImageQuant software. 
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5 DETAILED DESCRIPTION OF THE ILLUSTRATED AND EXEMPLIED 
EMBODIMENTS OF THE INVENTION 

The invention reside, in a method of inducing neovasculariisanon by use of a mm ™ •« «• 
precursor celis. TWs has a range of appUcanon. composmo. of 

10 

The invention thus has application in inducing blood vessel repair or for™* r 

the treatment of cerebrovascular ischemia, renal is,* • ^P^ir or formation, for example in 

■ , . . u . iscnenua, renal ischemia, pulmonary ischemia, limb 

•scherma, ischemic cardiomyopathy and myocardial ischemia, endnth.r , 

administered. ^ai ischemia, endothehal progenitor cells are 

15 

A wide range of tissues might be treated and such tissues can include for « , 

brain, kidney and lung. Ischemic diseases include, for exaT.e h ^ 

^^pulmonaryi^ 

ischemia. C cardl oniyopathy and myocardial 

20 

The treatment of these conditions mieht include th, ^ , 

cells from a tissue of the patient and* , ***** P^emtor 

e or uie patient, and then reaciministering them to the natient th„ 

may also be heated with contpound known to promote lolanon ortpl^o T 
to enchance mesenchyutal ceU growth and/or vaacuhu- Mh-T- p - " 
25 MFCs may be administered to the nation, h <Mfcren0M '°'>- For this pu^*, the 



J 



WO 2004/084921 PCT/AU2004/000417 

13 

wxthin a bandage perhaps within a protective matrix that is soluble on prolonged contact with 
the wound or other surface. 

i 

s 

The invention may also have application where a reduced blood supply leads to for example 
5 baldmess. The composition ofMPCsmayin injected subcutaneously or dermally in the 
affected area. 

In vitro grown grafts of vascularis^ tissue are also contemplated by the invention whereby 
MPCs are grown in media and in the presence of compounds known to promote differentiation 
10 into vascular cells, to produce a graft which includes ^differentiation, partially differentiated 
and some differentiated cells. 

In the case of an implant the surgeon may apply a composition containing the MPCs during 
the implantation a prosthesis, to promote vascularisation at the interface of the prosthesis and 
15 the surrounding tissue. An alternative process may be to have MPCs or a partially or fully 
differentiated graft developed on the implant This may or may not be held within a protective 
matrix. The benefit of a graft is that vascularisation, and thus the healing process may be 
speeded up. 

20 Blood vessels are an ideal position from which to delivery a medicinal product. The discovery 
of these MPCs and their properties of forming new blood vessels provides an opportunity to 
delivery over an extended period medicinal products. 

The MPCs may be modified to carry various genetic material The genetic material may be 
25 those that encode a variety of proteins including anticancer agents, hormones such as for 
example insulin, growth factors enzymes cytokines, and the like. 

Alternatively the MPCs might be modified to express a blood vessel formation promoter 
which might assist in the MPCs induction of blood vessel formation, and assisting further with 
30 the maintenance of a good vascularisation of the tissue concerned. 
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For purposes of treating a cardiac vascular disease MPCs may be delivered to the myocardium 
by direct intracoronary (or graft vessel) injection using standard percutaneous catheter based 
methods under fluoroscopic guidance, at an amount sufficient for effective therapy. Thismay 
be in the range of between 10* to 10 7 MPCs. The injection should be made deeply into the 
lumen (about 1 cm within the arterial lumen) of the coronary arteries (or graft vessel), and 
preferably be made in both coronary arteries. By injecting the material directly into the lumen 
of the coronary artery by coronary catheters, it is possible to target MPC rather effectively, 
and to minimize loss during injection. Any variety of coronary catheter perfusion catheter can 
be used. 



10 



For the treatment of peripheral vascular disease, a disease characterized by insufficient blood 
supply to the legs an MPC may delivered by a catheter that will be inserted into the proximal 
portion of the femoral artery or arteries, thereby effecting migration of the MPCs to the 
capillaries of the skeletal muscles receiving blood flow from the femoral arteries. This will 
1 5 provide an angiogenic stimulus that will result in neovascularisation andor repair of blood 
vessels in skeletal muscle of the legs. 

Compositions or products of the invention for use with coronary or peripheral vascular disease 
may conveniently be provided in the form of formulations suitable for intracoronary 
20 administration. A suitable administration format may best be determined by a medical 

practitioner for each patient individually. Suitable pharmaceutical^ acceptable carriers and 
their formulation are described in standard formulations treatises, e.g., Remington's 
Pharmaceuticals Sciences by E. W. Martin. Compositions may be formulated in solution at 
neutral pH, for example, about pH 6 J to about pH 8.5, more preferably from about pH 7 to 8, 
25 with an excipient to bring the solution to about isotonicity, for example, 4.5% mannitol or 
0.9% sodium chloride, pH buffered with art-known buffer solutions, such as sodium 
phosphate, that are generally regarded as safe. The desired isotonicity may be accomplished 
using sodium chloride or other pharmaceutically acceptable agents such as dextrose, boric 
acid, sodium tartrate, propylene glycol, polyols (such as mannitol and sorbitol), or other 
30 inorganic or organic solutes. Sodium chloride is preferred particularly for buffers containing 
sodium ions. If desired, solutions of the above compositions may also be prepared to enhance 
shelf life and stability. The therapeutically useful compositions of the invention are prepared 
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by mixing the ingredients foUowbg ema3tly ^ ^ ^ 

component may be mixed to produce , concentrated ^ wWch ^ ^ „ e 
the U concentration and viscosity by the addition of water and/or a buffi* to conteol pH or 
an additional solute to control tonicity. 

5 

For use by the physician, the eotnposidons win be provided in dosage form containing an 
amount of MFC composition which wfll be effective in one or muhiple doses to into, 
angtogenesis at a selected level. As win be recognized by those in me field, an effective 
amount of therapeutic agent win vary with many lector, including me age and weigh, of me 

Z2 PhySiCal COnditi<,n • "* kVel rf «"**— * - «*«— I and other 

The effective doe, of me compound, of mi, invention win typically be in the range of a. leas, 
•bout IO*MPCs, preferably about H, MPC, and more pmferably about ,0>Mr£ M lZ 
the exact dose to b. administered is determined by the attending clinician, bu, i, preferably in 
15 lml phosphate buffered saline. y 

T^presentiy pref^a mode of administiatiOn in the case of hear, disease i, by intracoronary 
mjection to one or bom coronary arteries (o, to one or mom saphenous vein or intonal 

20 m me case of periphery vascufer dise*e ia by injection into me proximal 

portion of the femoral artery or arteries using an appropriate arterial cameter. 

Preferably the MPCs are coadminister* with a blood vessel promoting compound. Tbes. 

25 ZTT e ^7' Dib '' SieBbCMmMaam -^ ^Ualgrowm factor 
25 epderma, grow* fcctor, transforming growm fcctor a md „, pIatelet ^ ved ' 

growti. ftctor, platelet-derived grown, factor, tomor necros* factor tx, hepatocyte growth 
W msuhn hire grown, factor, erymrcpoietin, colony bating factor , ^^.^ 
GM-CSF and nitric oxidesynthase. ' 
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The MPCs might also be injected intramuscularly adjacent a site of the damaged blood 



vessel. 



Composition might include a topical application for wounds and thus may be incorporated into 
5 creams lotions and the like. 

The MPCs can be delivered in a composition that takes the form of an injectable preparation 
contaming pharmaceutical* acceptable carrier such as saline, for example, as necessary The 
preparation may require sterilisation and may include stabiliser to maintain a uniform 
10 distribution of cells. The final dose of MPCs is preferably in the range of about 10 4 - 10 7 
cells. 

The present invention relates to mesenchmal precursor cells, in particular those that may be 
present m the perivascular compartment of vascularised tissue. Such mesenchymal cena may 
.5 be .oentified by the presence of the 3G5 surface masker, and perhaps additionally or separately 
by other early developments! markers such as CDU6 (MUC18), VCAM-I and STRO-1. 

Precursor ceUs at* early ceils that are substantially a, a pre-expansion sage of development 
nrese are ceils ma. have ye, to different to fully committed ceUs, however they need not 
be Stan cells in a stiic, sense, in tha, they are necessarily able to differentia.* i«o ,dl ^ of 
cells. Partially differentiated pmenrsor cells have a benefit in tha. they have a greater 
proliferative potential than stem cells. 

me present precursor cells am somewhat differentiated in that they are committed to 
7T^T\ *«* - °PP°-4 f- -ample, to haemopoieuc tissues. It is evident from the 
data produced that the MPCs that have been isolated lack marken associated with 
haemopoieuc c«Us sucn as CD34, and additionally thei, differentiation potential does no. 
extend te haemopoietic lines. Additionally drey need no. necessarily have the potential «o 

30 ! T *" meSOTChyma ' rathW - - '° ««— • on. 

30 two three or more cell types. e ' 
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It is anticipated that these precursor cell harvested from the tissues concerned may be useful 
for regenerating tissue for cells types from which they have been sourced. Thus precursor cells 
isolated from heart may be reintroduced to regenerate heart tissue, however their potential 
need not be so limited, precursor cells isolated from one tissue type might be useful for 
5 regenerating tissue in another tissue type. The microenvironment in which an undifferentiated 
cell finds itself is known to exert an influence on the route of differentiation and therefore the 
reintroduction need not necessarily be tissue specific. 

The data presented show that MPCs have been harvested and then re-introduced to produce 
1 0 bone and bone marrow and dentin and pulp respectively, in addition aterioles, cord like 
structures, have been produced after ex vivo expansion of isolated MPCs. 

It is anticipated that a wide range of cells might be produced based on gene expression of 
markers characteristic for certain cell types. It is thus anticipated that under appropriate 

1 5 culture conditions the range of cell types that can be generated from the perivascular MPCs of 
the present invention include but are not limited to the following, osteoblast, odontoblast, 
dentin-producing, chondrocyte, tendon, ligament, cartilage, adipocyte, fibroblast, marrow 
stroma, osteoclast- and hematopoietic-supportive stroma, cardiac muscle, smooth muscle, 
skeletal muscle, pericyte, vascular, epithelial, glial, neuronal, astrocyte or oligodendrocyte 

20 cell. 

One of the benefits of the finding that MPCs can be isolated from perivascular cells is that this 
greatly expands the range of source tissues from which MPCs can be isolated or enriched and 
there is no longer an effective restriction on the source of MPCs to bone marrow. The tissues 

25 from which these MPCs have been isolated in the exemplifications of this invention are human 
bone marrow, dental pulp cells, adipose tissue and skin. In addition in situ staining and 
histological studies have identified that MPC are present in the perivascular compartment of 
spleen, pancreas, brain, kidney, liver and heart. Given this wide and diverse range of tissue 
types where perivascular MPCs are present, it is proposed that MPC will also be present from 

30 an even wider range of tissue which may include, adipose tissue, teeth, dental pulp, skin, liver, 
kidney, heart, retina, brain, hair follicles, intestine, lung, spleen, lymph node, thymus, 
pancreas, bone, ligament, bone marrow, tendon, and skeletal muscle. 
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These precursor cells of the present invention are distinguished from other known MFCs in 
that they are positive for 3G5 or perhaps that they carry another perivascular markers. They 
can be isolated by enriching for an early developmental surface marker present on perivascular 
5 cells, in particular the presence of one or more of CD146(MUC1 8), VCAM-1 and 

alternatively or additionally high level expression of the marker recognised by the monoclonal 
antibody STRO-1 . Alternatively or additionally enrichment may be carried out using 3G5. 

Markers associated with perivascular cells may also be present on the MFCs, for example 
10 alpha smooth muscle actin (aSMA). 

Other early developmental markers associated with MPCs may also be present These may 
include but are not necessarily limited to the group consisting of THY-1, VCAM-1 ICAM-1 
PECAM-1, CD49a/CD49b/CD29, CD49C7CD29, CD49d/CD29, CD29, CD61, integrin beta 5 
15 ^^bomodulin,CD10,aM3,SCF^ ' 
FGF-R, Leptin-R (STRO-2). Positive expression of one or more of these marker, may be 
used in methods of enriching for MPCs from source tissue. 

The MPCs of the present invention may also be characterised by the absence of markers 
20 present in differentiated tissue, and enrichment may be based on the absence of such markers. 

Similarly it is preferred that the enriched cell populations are not of haemopoietic origin and 
thus it is preferred that these cells are not present Markers characteristically identified as not 
present include but are not limited to CD34, CD45 and glycophorin A. Additional other 
25 markers for this purpose might include CD20 and CD 1 9 (B lymphocyte markers), CD 1 1 7 ( c 
^DHT^lr^ ° D hem ° POietiC St6m ^ "* angioblasts ' 0014 (macrophage), CD3 

,n lZ Y ^ deSiraWe t0 ^ ^ *"* enriched « isoI *ed perivascular 

30 MCP, Alternatively it has been discovered that expansion of the enriched population can be 
earned out and have the beneficial effect of resulting in much greater numbers of cells The 
effect of expansion of the directly enriched pool of cells is, however, that some differentiation 
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of the initial MCPs will occur. Expansion over a 5 week period might result in an increase of 
10 3 fold. Other periods might be chosen to expand the population to between 10 2 to 10 5 fold. 
This potential might be directed by culturing them is media containing cytokines and other 
factors directing the differentiation to a particular tissue type for example PDGF and VEGF 
forming smooth muscle alpha cords. These could then be introduce into a tissue with, for 
example, an insult to assist with repair. Alternatively it may be desired after expansion to re 
select cells on the basis of an early developmental marker, that might be STRO-1 w to increase 
the proportion of MPCs in the population. 



10 It is found that an essentially pure population of MCPs is not necessary to provide for 
formation of differentiated cells to form desired tissue structures. The enriched population 
may have levels of MCPs of greater than about 0.001, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5 or 1% or 
higher as a proportion of total cell numbers in the enriched population. This order of 
enrichment can be achieved by the use of a single marker for selection of the enriched MCP 

1 5 population. This is particularly so where the source tissue has an inherently high level of 
perivascular MCPs. It is found that considerably more 3G5 pos MCPs are present in certain 
tissue, for example dental pulp, than in bone marrow. Thus in bone marrow 3G5 positive 
MPCs constitute about 1 5% of MPC based on STR1 M colony forming cells, whereas in dental 
pulp that are found to consume 65% and greater than 90% in fat and skin tissues. Expansion of 
20 the population and then re-enrichment using a single marker coung result in higher leves of 
MPCs, perhaps levels greaer than about 0.1, 0.5, 1, 2, 5 or 10% 



Whilst it is considered desirable that a substantial proportion and preferably a majority of 
precursor cells are perivascular MPCs, it is not considered essential for certain forms of the 
invention for perivascular MPCs to be the sole precursor cell form. Other forms of precursors 
may also be present without unduly interfering with the capacity of the perivascular MPCs to 
undergo the desired differentiation. Such other forms may include haemopoietic precursors or 
non-perivascular MPCs, perhaps being negative for 3G5. 



30 Certain forms of the present invention provide perivascular MPCs substantially free of 

endothelial cells. In that context substantially free might be considered to be less than about 5, 
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2, 1. or 0.1% endothelial cells. Alternatively the context might be an assessment that the 
enriched population is von Willebrand Factor negative. 

i 

\ 

It will be understood that recognition of cells carrying the cell surface markers that form the 
5 basis of the separation can be effected by a number of different methods, however all of these 
methods rely upon binding a binding agent to the marker concerned followed by a separation 
of those that exhibit binding, being either high level binding, or low level binding or no 
boiding. The most convenient binding agents are antibodies or antibody based molecules, 
preferably being monoclonal antibodies or based on monoclonal antibodies because of the 
10 specrficity of these latter agents. Antibodies can be used for both steps, however other agents 
might also be used, thus ligands for these markers may also be employed to enrich for cells 
carrying them, or lacking them. 

The antibodies may be a«aehed to a solid support to aliow fora cmde separation. He 
separation technique, should marimise the retention of viability of the fraction to be collected 
Varrous techniques.* diiferen, efficacy n»y be OT p,oyed to ob«n relanvdyJuT 
separations. Tie particular technique employed will depo* upon efficiency of separation, 
assocrated cytotoxicity, ease and speed of performance, and necessity fo, sopmsucated 

20 j^™^" 0 '*^**- '^^forse^onmaymchme.butareno.limiW 
20 to, nmgnehc separation, using aotibody-coated magnetic beads, affinity chromatography and 

include but are not limited to FACS. ^parauon 

25 cl^TT/ ^"^^'^^negauveorpositive. TOepositiye 
25 ceOs may cther be lowflo) or a hi (bright) cesser depending on th. deg^e to wnteh 2 
marte . present on m. ccU surface, me tonus relate to intensity of fluorfLe or ouTcolor 
used ur the color sorting process of the cell* Tte distinction of lo and bri wiil be und^ 
m the context of the maHter used on a particular ccjl population being sorted. 

30 T^mT i0 iT Cb 7 < h ' PaiVaSCUlar MPCSmigh ' *"** - W of m^ing a fta, 
SZZJT* fOT ~ M ° fto — ""'^-^^^Partial,; 
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K» preWd *.« fte method comprise, a fc* sfcp being a solid phase sorting st ep, based on 
^onofo^o^ofbe^. The solid phase sorting step of the illustrated 
^bodunern utiles MACS recognising high .eve! expression of STRO-1 . This then give, an 
^ poo, wnh grea^ numbtra ^ ^ ^ ^ ^ »™ » 

5 aep. If for exarnpleFACS is used firs, many of the precursor cell, m rqected becaus^f 
men- action wrthoth-ceUa. A second sorting step can then follow uLg an3^e 

SKOnd ^ sa * mi8h ' tovolve 48 - » f •»» i^nX 

inns n, the Ulustrated embodiment two cotaur FACS is used to recognise high level 
express™ of the antigen recognised by STRO-1 as wells as the expression ofCD!46 The 
10 windows used for sortintz in the <*™ n A u , m * ine 

rsornng ma »^nd step can be more advantageously adjusted because th» 
starting population is already partiaBy enriched. 



The method of enriching for perivascular MFCs might also include the harvesting of a sourc 

ThTmetissT^, 

^T^T" Ce»s comprising the source tissue wffl u» be seprated mm aT 
^ed smgie cells suspensioa This separation may be achieved by phyZ, and or ^ 



2 o ^^^J^SSSS^^ m 

_ m a finder form the invention might be said to reside a method of generation tissue in a 
mammal comprising thestep of -niching .population ofprecursor cells as in me firs, aspect 

ennched population to generate the tissue in the mammal. 

Another potential use for enriched cells of the present invention is as a means of gene therapy 
in the context of the present invention the term iso,ated cefi may mean that perivascular MPCs 

35 
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EXAMPLE 1 Isolation and expansion of precursor cells 

Stem cell niches identified in a number of different adult tissues including skin, hair follicles, 
bone marrow, intestine, brain, pancreas and more recently dental pulp, are often highly 
5 vascularized sites. (,) The maintenance and regulation of normally quiescent stem cell 

populations is tightly controlled by the local microenvironment according to the requirements 
of the host tissue.^ Both the supportive connective tissues of bone marrow and dental pulp 
contain stromal stem cell populations with high proliferative potentials capable of regenerating 
their respective microenvironments with remarkable fidelity, including the surrounding 
10 mineralized structures of bone and dentin.^ In the postnatal organism, bone marrow stroma 
exists as a loosely woven, highly vascularized tissue that supports and regulates 
hematopoiesis. 16 ^ At a time when many tissues have lost or decreased their ability to 
regenerate, adult bone marrow retains a capacity for continuous renewal of haematopoietic 
parenchymal tissue and is responsible for remodeling the adjoining bone surfaces.<>' ,0 > In 
15 contrast, the inner pulp chamber of teeth is comprised of a non-hematopoietic, compact 
fibrous tissue, infiltrated by a microvascular network, that is entombed by mineralized 
dentin. (I,,3 > Following tooth maturation, dental pulp becomes relatively static, acting only in a 
reparative capacity in response to a compromised dentin matrix caused by insults such as 
caries or mechanical trauma. 

20 

Precursors of functional osteoblasts (BMSSCs: bone marrow stromal stem cells) and 
odontoblasts (DPSCs: dental pulp stem cells), both forms of MPCs identified by their source 
tissue, were initially identified by their capacity to form clonogenic cell clusters in vitro, a 
common feature amongst different stem cell populations.< 4 - ,4 - ,8 > The progeny of ex vivo 

25 expanded BMSSCs and DPSCs share a similar gene expression profile for a variety of 

transcriptional regulators, extracellular matrix proteins, growth factors/receptors, cell adhesion 
molecules, and some, but not all lineage markers characteristic of fibroblasts, endothelial cells, 
smooth muscle cells and osteoblasts."'* However, previous studies have documented that 
individual BMSSC colonies demonstrate marked differences in their probferation rates in vitro 

30 and developmental potentials in vivo*"™ Similar to these findings, we have recently 
observed comparable levels of heterogeneity in the growth and developmental capacity of 
different DPSC colonies/™ Together, these studies infer a hierarchical arrangement of 
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stromal precursor cells residing in bone marrow and dental pulp, headed by a minor 
population of highly proliferative pluri-potential stem cells that give rise to connnitted bi- and 
uni-potential progenitor cell populations. 02 * 

5 Despite our extensive knowledge about the properties of cultured BMSSCs and DPSCs, we 
still do not know if their in vitro characteristics are an accurate portrait of their true gene 
expression patterns and developmental potentials in situ. In addition, it is not formally known 
if all of the colony-forming cells within each tissue are derived from onepluri-potent stem cell 
pool or whether they arise from committed progenitors belonging to distinct lineages. There i 

10 also a lack of information regarding the precise anatomical location of BMSSCs and DPSCs 
their respective tissues. This is mainly attributed to the rarity of stem cells and the absence of 
specific markers that identify different developmental stages during osteogenesis and 
odontogenesis, particularly for primitive subpopulations. It has previously been hypothesized 
that one possible niche for precursors of osteoblasts and odontoblasts may be the 

1 5 microvasculature networks of bone marrow and dental pulp, respectively.^- 24 ) 

MATERIALS AND METHODS 

Tissue Samples 

Iliac crest-derived bone marrow mononuclear cells (BMMNCs), from normal human adult 
20 volunteers were obtained under guidelines set by the Royal Adealaide Hospital Human Ethics 
Committee. Normal human impacted third molars were collected from young adults the 
University of Adelaide Dental Clinic Research under approved guidelines set by the 
University of Adelaide Human Ethics Committee, respectively. Discarded full thickness skin 
and peripheral adipose tissue were obtained from routine plastic surgery procedures from the 
25 Skm Cell Engineering Laboratory, under the guidelines set by the Royal Adelaide Hospital 
Human Ethics Committee. The pulp tissue was separated from the crown and root as 
previously described.^ Single cell suspensions of dental pulp, skin and adipose tissue were 
prepared by enzymatic digestion in a solution of 3 mg/ml coUagenase type I (Worthington 
Brochem, Freehold, NJ) and 4 mg/ml dispase (Boehringer Mannheim, GMBH, Germany) for 
30 one to three hours at 3 TC. Single cell suspensions were obtained by passing the cells through 
a 70 urn strainer (Falcon, BD Labware, Franklin Lakes, NJ). Cell (0.01 to 1 x IOVwell) 
preparations of bone marrow, dental pulp, skin and adipose were then used for either 
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immunolselection, RNA extraction, or direct culture in 6-well plates (Costar, Cambridge, MA) 
as described below. 

i 

Other human tissue specimens (Brain, liver, heart , kidney, lung, spleen, thymus, lymph node, pane 
5 skm) were obtained from autopsies carried out at the Royal Adelaide Hospital during routine 
pathological examinations under approved guidelines set by the Royal Adelaide Hospital Human E 
Committee. Small specimens approximately 0.5 cm2 of each tissue type were placed into Tissue-* 
cryomoulds 25 mm x 20 mm x 5 mm (Miles Laboratories; Naperville, IL) and embedded with O C 
compound medium (Miles Laboratories) by immersion into a 150ml to 200ml pyrex glass beaker o 
1 0 pentane (BDH Chemicals, Poole, England) pre-cooled by suspending a glass beaker into a bath of 1 
nitrogen. The isopentane has cooled when the bottom of the glass is white. The frozen sections wer 
immediately stored at -80O C . Frozen sections of nerve and muscle tissue were obtained from the 
Hrstopathology Department of the I.M.V.S., South Australia and sections of foreskin were obtain* 
from the Immunology Department of the I.M.V.S., South Australia. Sections of formalin fixed, par 
1 5 embedded human foetal limb (52 days) were kindly provided by Dr. T.J. Khong from the Depart™ 
Histopathology, Women's and Children's Hospital, Adelaide, South Australia. 

Colony Efficiency Assay and Culture 

Single cell suspensions were plated at low plating densities (between 1,000 and 1 0,000 cells per w< 
20 tnphcates in six well plates) to assess colony-forming efficiency of different immunoselected cell 
fractions. The cells were cultured in alpha-Modification of Eagle's Medium supplemented with 20< 
foetal calf serum, 2mM I^utamine, 100 pM L-ascorbate-2-phosphate, 100 U/ml penicillin and 1, 
ug/ml streptomycin at 37<>c in 5% CQ 2 . Day 14 cultures were fixed with 4% formalin, and then 
stained with 0.1% toluidine blue. Aggregates of equal to or greater than fifty cells were scored as 
25 clonogemc colonies equivalent to colony forming units-fibroblastic (CFU-F). 



Magnetic-Activated Cell Sorting (MACS) 

This procedure is a modification of that described elsewhere™ Briefly, approximately , x 
30 10 BMMNCs were mcubated with STRO-lbri supernatant (murxne anti-human BMSSCs 
IgM) 2 '> (1/2) for 1 hour on ice. The cells were then washed with PBS/5% FBS and 



WO 2004/084921 

PCT/AU2004/000417 

25 

resuspended in a 1/50 dilution of biotinylated goat anti-mouse IgM (u-chain specific; Caltag 
Laboratories, Burlingame, CA) for 45 minutes on ice. After washing, the cells were incubated 
with streptavidin microbeads (Miltenyi Biotec, Bergisch Gladbach, F.R.G.) for 15 minutes on 
ice, then separated on a Mini MACS magnetic column (Miltenyi Biotec) according to the 
5 manufacturers recommendations. 

Fluorescence activated Cell Sorting (FACS) 

STRO-lbri MACS isolated cells were incubated with a streptavidin-FITC conjugate (1/50; 
CALTAG Laboratories) for 20 minutes on ice then washed with PBS/5% FBS. Single-color 
1 0 fluorescence activated cell sorting (FACS) was performed using a FACStar™ 8 flow cytometer 
(Becton Dickinson, Sunnyvale,CA). Dual color-FACS analysis was achieved by incubating 
MACS-isolated STRO-1* BMMNCs with saturating (1 : 1) levels of CC9 antibody supernatant 
(mouse anti-human CD146/MUC-1 8/Mel-CAM, IgG 2 „ Dr. Stan Gronthos) for one hour on 
ice. After washing with PBS/5% FBS, the cells were incubated with a second label goat anti- 
1 5 mouse IgG^^hain specific) phycoerythrin (PE) conjugate antibody (1/50, CALTAG 
Laboratories) for 20 minutes on ice. The cells were then sorted using the automated cell 
deposition unit (ACDU) of aFACStar™ flow cytometer. Limiting dilution assay: seeded 1, 
2, 3 4, 5, & 1 0 cells per well, 24 replicates, cultured in serum-deprived medium for 1 0 days as 
previously described <*>. Similarly, freshly prepared unfractionated BMMNCs were incubated 
20 with CC9 (IgG^ and 3G5 (IgM) antibodies or isotype-matched negative control antibodies for 
one hour on ice. After washing with PBS/5% FBS, the cells were incubated with a second 
label goat anti-mouse IgG^ (^chain specific) phycoerythrin (PE) and IgM (1/50; CALTAG 
Laboratories) conjugated antibodies for 30 minutes on ice. Cells were washed m PBS/%5 
FBS prior to being analysed using a FACStar™* flow cytometer. Positive reactivity for each 
25 antibody was defined as the level of fluorescence greater than 99% of the isotype matched 
control antibodies. 

Flow Cytometric Anafysis 

Single cell suspensions of ex vivo expanded bone marrow MFC were prepared by trypsin/EDTA 
30 treatment then incubated with neat STRO-1 supernatant or antibodies identifying different cell line 
associated markers (1 0 ng/ml) for one hour on ice. The cells were then washed in PBS/5% FBS the 
mcubated either with a goat anu-murine IgM-phycoerythrin (1/50, SouthernBiotechnologies) goat 
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murine or anti-rabbi, IgQ- phycoervthrin (Caltag Laboratories). For .hose antibodies identifying 
tntracellular antigens, cell preparations were permeanbOize the ceUuiar membrane prior to staining 
mtraceilular markers, faotype tnatehed eontto. antibodies were treated under identieal conditions F 
cytomettic analysis was performed using a COULTER EPICS instiument The do, plot, represent • 
5 MM. events indicating the .eve! of fluoresconce intensity for each lineage ceil marker with refei 
to the isotype matched negative control antibodies. 

Immunhistochemistry 

Human tissue sections (pm) were de-waxed in xylene and rehydrated ftrough graded ethane, 
into PBS. Frozen tissue sections (pm) and cytospin preparations were fixed with cold acetone 
a, -20X for 1 5 minutes men washed in PBS. The samples were subsequentiy nested with 
PBS containing 1 .5% of hydrogen peroxide for 30 minutes, washed then blocked Witt, 5% 
non-unmune goat serum for 1 hour at mom temperature. Samples were incubated Witt, 
pnmary antibodies for 1 hour a. room temperature. Antibodies used: Mouse (IgG, * IgOJ 
.5 controls (Caltag, Buriingame, CA); Rabbi, (Jg) ^ lA4(antiK,smoom muscle actiT 
•gO,), 2F1 1 (anti-neurofflamen^ IgO,), F8/86 (murine auti-von Wttlebrand Factor IgO ) 
(Dako, Carpinteria,CA) ; STRO-l;CC9(anti-CD146) ; LF.151 (rabbi, anti-human' ' 
dentinsialoprotein; Dr. L. Fisher, NiDCR/Nffl, MD). Working dilutions: rabbi, serum 
(1/500^ monoclonal supematents (1/2) and purified antibodies (10 pg/ml). Single sunning 
20 was performed by incubating the samples with the appropriate secondary antibody 

biotinylated goa, anti-mouse IgM, IgG„ IgG.or biotinylated goa, anti-rabbi, for one hour a, 
room temperature (CaKag Laboratories). Avidin-Peroxidase^mplex and substrate were men 
added acconhng to the manufacturer instiuctions (Vectestoin ABC Kit standard, Vector 
Laboratories). Samples were countersteined with hematoxylin and mounted in aqueous 
medta. Dual-fluorescence labeling waa achieved by adding the secondary antibodies goat 
anti-mouse IgM-Texas Red "cs, goat 

and IgO-FITC (CALTAO Laboratories), for 45 minutes a, room temperature. After washing 
the samples were mounted in VECTASHTELD fluorescence mountant 

30 Immunomagnetic bead selection 

1 (1/2), CD146 (1/2), or 3G5 (1/2) for I hour on ice. The ecus were washed twice w„h 
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PBS/1 %BSA then incubated with either sheep anti-mouse IgG-conjugated or rat anti-mouse 
IgM-congugated magnetic Dynabeads (4 beads per cell: Dynal, Oslo, Norway) for 40 minutes 
on a rotary mixer at 4°C. Cells binding to beads were removed using the MPC-1 magnetic 
5 partic,e COncentrator ODvnal) following the manufactures recommended protocol. 

Matrigel-Arteriole Assay 

Single cell suspension* of ex vivo expanded bone maitow STRO-l «- MFC were prepared by 
frypsin/EDTA treatment then plated into 48-weU plate, eontaining 200m1 of matiigel. The STRO- 1 ' 
MFC were plated a. 20,000 ceils per weU in semm-free medium (Gromhos « ai 2003) snpp.en.en, 
10 w«h me grewfl, factor, PDGF, EOF. VEGF a, lOng/ml. FoBowing 24 honra of cultore a, 3TC in 5 
CQ,, .he wells were washed then fixed with 4% parafoanaldehyde. Immunolustochemical stodies , 
subsidy performed for alpha-smoom mnsele actio identified wim a goa,-anti-murine IgO hors 
radiah peroxidase antibodyWectastaining Kit as described above. 

1 5 Osteogenic Adipogenic and Chondrogenic Differentiation of MFC in vitro 

Single cell suspensions of ex vivo expanded amposcHicrived MPC were cunured ta otMEM 
snpplen.en.ed with 10% FCS, 100 MM I^scoreate-2-phosphate, dexamethasone lO'M and 3 mM 
■norganic phosphate previonaly shown to indnco bone «™ MFC to form a mineralized bone m, 
n * (Gronmos e, al., 2003). Mineral deposit were identified by positive von Kossa ateimng. 
.0 Ampogenesn, waa induced in me presence of 0.5 mM memyhsobmyhneUrylxanthme 0 5 MM 

hydrocortisone, and 60 MM indomemacin as previonaly described (Gromhos e, aL 2003) OD Red C 
stommg waa nsed to identify lipid-laden fa, colls. Chondrogenic differentiation waa asseaaed in 
aggregate cultures treated with ! 0 ngtal TGF-p3 as described (Ptaenger e, al., 1 999) 

25 In vivo transplantation studies 

Approximately 5.0x10 « of ex vrvo expanded cells derived from either STOO-1-/CDI46* 
BMS^Cs or CO,^ D^SCs were mixed wim 40mg of hyoroxyapad^cium phosphate 
(HATCP, cexanuc powder (Zimmer Inc, Warsaw, IN) and men transplanted subodaneousiy 
»»<^^of.0-wee^ 

,0 H«lanSp ragU eDawley,mdianapolis,IN)asprevionslydesc n ^ed.« Tnese procedures we™ 
perfonned in accordance to specifications of an appreved animaj protocol (NIDCR m0-l !3> 
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Reverse transcription-pofymerase chain reaction. 

Total RNA was prepared from STRO-l BRT /CD146* sorted BMMNCs, and control cells 
(primary BMSSC cultures grown in the presence of 10* M dexamethasone for three weeks) 
using RNA STAT-60 (TEL-TEST Inc. Friendswood TX). First-strand cDNA synthesis was 
5 performed with a first-strand cDNA synthesis kit (GIBCO BRL, Life Technologies) using an 
oligo-dT primer. First strand cDNA (2 pJ) was added to 46 pj of a IX PGR master reaction 
mix (Roche Diagnostics, Gmbh Mannheim Germany) and 10 pMol of each human specific 
pnmer sets: CBFA1 (632bp, and three smaller alternative splice variants)*") sense 5'- 
CTATGGAGAGGACGCCACGCCTGO-3 ' [SEQ ID NO. 1], antisense 5>- 
10 CATAGCCATCGTAGCCTTGTCCT-3 ' [SEQ ID NO. 2]; osteocalcin (310bp)«> sense 5'- 
C ATG AG AGCCCTC AC A-3 ' [SEQ ID NO. 3], antisence, 5'-AGAGCGACACCCTAGAC-3' 
[SEQ ID NO. 4]; GAPDH (800bp) «> sense, 5'-AGCCGCATCnTCTriTGCGTC-3' [SEQ ID 
NO. 5]; antisense 5 ' -TCATATTTGGCAGGTTTTTCT-3 ' [SEQ ID NO. 6]. The reactions 
were incubated in a PGR Express Hybaid thermal cycler (Hybaid, Franklin, MA) at 95 'C for 2 
1 5 minutes for 1 cycle then 94^(30 sec), 60^(30 sec), 72*0/(45 sec) for 35 cycles, with a final 
7 minute extension at 72'C. Following amplification, each reaction was analyzed by 1 5% 
agarose gel electrophoresis, and visualized by ethidium bremide staining. 

RESULTS 

20 BMSSCs and DPSCs express vascular associated antigens STRO-1 and CD146 in vfvo 

We have previously demonstrated the efficacy of magnetic activated cell sorting (MACS) to 
isolate and enrich for all detectable clonogenic colonies from aspirates of human marrow 
based on their high expression ofSTRO-1 antigen.^ To further characterize BMSSCs'we 
incubated the STRO-l" MACS isolated cells with another monoclonal antibody, CC9 • that 
25 recognizes the cell surface antigen CD146, also known as MUC-18, Mel-CAM and Sendo-1 
that.presentonendothelialandsmoothmuscleceDs. These studies determined that CC9 ' 
selectively bound the STRO-1 bright expressing fraction (STRO-1 -) from the total STRO-1+ 

rlT^" 01 ^ 8 "^ 1 ^ ^^iencyassaysusingPoisson 
STRO-1 ^146- ceHs plated), and a^^ 

colony population when compared to unfmctionatedmanow (Figure IB). No colony 
formation could be detected in STRO-1 -/CD 146' cell fraction (data not shown) 
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The light scatter properties of STRO-1 BRT /CD 146* marrow cells were typically larger and 
more granular than the nucleated erythroid cells and B-lymphocytes comprising the bulk of 
the STRO-T population^ (Figure 1C-E). Cytospin preparations of STRO-l BRT /CD14$* 
5 sorted cells were found to be negative for the erythroid (glycophorin-A) and leukocyte (CD45) 
associated markers (data not shown). Confirmation that BMSSCs represented an early 
osteogenic precursor population was obtained by RT-PGR analysis of highly purified 
MACS/FACS-isolated STRO-1 BRT /CD 146+ cells, which failed to detect the early and late 
osteogenic, markers CBFA1 and osteocalcin, respectively (Figure IF). However, the progeny 
10 of STRO-1 B *VCD 146* sorted BMSSCs were found to express both CBFA1 and osteocalcin, 
following ex vivo expansion, hnmunolocalization studies demonstrated that the CD 146 
antigen was predominantly expressed on blood vessel walls in sections of human bone marrow 
(Figure 1 G). Localization of both STRO-1 and CD146 was confined to large blood vessels in 
frozen sections of human bone marrow trephine (Figure 1H). 

15 

Immunoselection protocols were subsequently used to determine if human DPSCs also 
expressed STRO-1 and CD 146 in situ. The use of either MACS or FACS analysis to isolate 
DPSCs was restrictive due to the rarity of these cells (1 colony-forming cell per 2 x 1 0 3 cells 
plated) compounded by the limited number of pulp cells (approximately 1 0 5 cells per pulp 
20 sample) obtained following processing. To circumvent this, we pooled several pulp tissues 
obtained from 3 to 4 different third molars per experiment and employed immunomagnetic 
bead selection on single cell suspensions of pulp tissue, based on their expression of either the 
STRO-1 or CD146 antigens. The STRO-1* fraction represented approximately 6% of the total 
pulp cell population. Comparative studies demonstrated that growth rates of individual 
25 colonies were unperturbed in the presence of magnetic beads (data not shown). Colony 

efficiency assays indicated that the majority of dental pulp derived colony-forming cells (82%) 
were represented in the minor, STRO-1 + cell fraction analogous to BMSSCs (Figure 2). The 
mean incidence of DPSCs in the STRO-1 positive fraction (329 colony-forming cells per 1 0* 
cells plated ± 56 SB. n=3) was six-fold greater than unfractionated pulp cells (55 colony- 
30 formingcellsperlO s cellsplated ± 14SE,n=3). Using a similar strategy, different fractions 
of human dental pulp cells were selected based on their reactivity with the antibody, CC9. 
Colony efficiency assays showed that a high proportion (96%) of dental pulp-derived 
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clonogemc colonies were also present in the CD146* population, using immunomagnetic 
Dynal bead selection (Figure 2). The mean incidence of clonogenic colonies in the CD146* 
fraction (296 colony-forming cells per 10* cells plated ± 37 SE, n=3) was seven-fold greater 
than unfractionated pulp cells (42 colony-forming cells per 10 5 cells plated ± 9 SE, n=3). 

Immunolocalization studies showed that STRO-1 expression was restricted to blood vessel 
walls and perineurium surrounding the nerve bundles, but was not present in the mature 
odontoblast layer or fibrous tissue, in frozen sections of human dental pulp tissue (Figure 3A- 
B). Furthermore, co-localization of CD146 with STRCM was detected on the outer blood 
10 vessel cell walls, with no reactivity to the surrounding fibrous tissue, odontoblast layer, and 
the perineurium of the nerve (Figure 3C-D). Importantly, expression of human odontoblast- 
specific differentiation marker, dentinsialoprotein (DSP), was restricted to the outer pulpal 
layer containing mature odontoblasts (Figure 3E) and was absent in fibrous tissue, nerve 
bundles and blood vessels. 

15 

Differential expression of the perivascular marker 3G5 by BMSSCs and DPSCs. 
In the present study, flow cytometric analysis revealed that the cell surface antigen, 3G5, was 
highly expressed by a large proportion (54%) of hematopoietic marrow cells (Figure 4A). 
This observation eliminated 3G5 as a candidate marker for isolating purified populations of 
20 BMSSCs directly from aspirates of human marrow. In addition, dual-FACS analysis based on 
3G5 and STRO-1 expression was not possible since both antibodies shared the same isotype. 
Nevertheless, in vitro colony efficiency assays for different 3G5/CD146 FACS sorted 
subtractions demonstrated that only a minor proportion (14%) of bone marrow clonogemc 
colonies expressed the 3G5 antigen at low levels (Figure 4B). Conversely, a larger proportion 
25 (63%) of clonogenic DPSCs (192 colony-forming cells per 10 5 cells plated ± 184SEn=3) 
were present in the 3G5+ cell fraction following immunomagnetic bead selection (Figure 2). 
3G5 demonstrated specific reactivity to pericytes in frozen sections of human dental pulp 
tissue (Figure 3F). 



30 We next analyzed the expression of more specific markers of endothelial cells (von 

Willebrand Factor) and smooth muscle cells/pericytes (a -smooth muscle actin) on cytospin 
preparations using freshly isolated STRO-1 B «VCD146+ BMSSCs and CD146+ expressing 
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DPSCs. A large proportion of purified BMSSCs (67%), were found to be positive for a - 
smooth muscle actin (Figure 5A), but lacked expression of von Willebrand Factor (Figure 5B) 
Sundarly, the majority of isolated DPSCs (85%) were also found to express a -smooth muscle 
acta, but not von Willebrand Factor (Figure 5C, 5D). Purified populations of STRO- 
5 1-/CD146* BMSSCs and CD146* DPSCs were subsequently expanded in vitro then 
transplanted into immunocompromised mice to assess their developmental potentials in vivo 
The progeny of cultured BMSSCs and DPSCs displayed distinct capacities, capable of 
regenerating the bone marrow and dental/pulp microenvironments, respectively (Figure 5E 

^ d ; PPeared idCntiCaI to * C developmental potential of non-selected multi-colony derived 
10 BMSSCs and DPSCs (4). 

DISCUSSION 

The present study provides direct evidence that two mesenchymal stem cell populations 
distmct in their ontogeny and developmental potentials, are both associated with the 
15 mjcrovasculature of their respective tissues. 

We employed different immunoselection protocols to demonstrate that BMSSCs and DPSCs 
could be efficiently retrieved from bone marrow aspirates and enzyme digested pulp tissue 
respectively, based primarily on their high expression of the STRO- , antigen. This cell surface 
20 anugen » present on precursors of various stromal cell types including, marrow fibroblasts 
coasts, chondro^ adiposes, and 

fetal bone marrow Previous studies have implicated STRO-1 as a marker ofpre- 

orteogenic populations, where its expression is progressively lost following cell proliferation 
and afferent The STRO-1 antigen was also found 

25 to be present on the outer cell walls of human bone marrow and dental pulp blood vessels, m 
accord with previous studies that localized <?n?n-i , 

• t A , . ° CahZed STR °- 1 on lar S e b ^d vessels, but not capillaries, 

m Cerent adult Ussues such as brain, gu, heart, kidney, liver, lung, lymphnode, muscle 
thymus' Therefore, STRO-1 ^»to^u^«^ mtm ^^ 
cell populanons and infers a possible perivascular niche for these stem cell populaulns in situ 



30 



To detennine if BMSSCa and DPSCs w^ associa,* direcdy with blooi ^ we ^ 
another an*od y (CC9) wMci recogIli2es fc ^ ^ ^J^* 
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CD.46 (MUC- ■ 8/Mel-CAM), known ,„ be pr£n« on smooth muscle, cndotoelium 
myofibroblasts and Schwann colls ,„ as well as being a mark* for some human' 
neoptans - Notably, CDHo is no, expressed by bone marrow hematopoietic stem ceUs, nor 
d» progenitors. While the precise fimction of CD.46 is no, known, i, has been Ita ked l0 
5 vanous ceUula, processes including ceU adhesion, cytoskeletol reorganization, cell shape 
migration and proliferation Ihrough transmembrane signaling 

in order to dissect tire BMSSG population, STRO , - ^ ^ 

*» STROP hematopmetic ecus (predominant glycophorin-A' nucleated 

cells. Our stody support, to. fi^g, of Van vtaselaer md _ JL*"," 

Td ,v rrr bmss& ^ -wmg ,zl < 5 utcr 

and .denufied this population as having high perpendicuUr and forward light scaner 
chamctinstics^ Intorestinglv, freshly isolated 5-FU rcsiston, murine BMSSCs were also found 
tebe poative fc tivo perivascular maricas Sab-1 and S*,2.»» c^, 

dtT r J"" WhCT BMSSO " * ~* *• — **" *. Populations 

display tow pen^d-cmar and forward tight sector properties™ and therefore ujl re^ 

ti-o™ morphology of BMSSCS. In toe peesen, stody, Smo^CDl^JrtT 
20 ^^^^^^^^^ 

osteogen* pheno«ype in human bone martow aspirates. We found ma, a high prooorthm 7 
freshlyisolatedSTOO-l^/CDl^RMC^.. , Proportion of 

a 1 r , expressed ct -smooth muscle actio, bu, not toe 

endotoekal specific marker von WiUebrand Factor, pmviding direct evidenced, tins 
25 prmutiveprecuraor population displays a characteristic perivascular pheno^e. 

Urn preen, stody also donated toe effi^cy of using magnetic bead selection to iao.ate 

rLT^T, ™ ^ fr ° m h ™ on their f 

e„her S mO-,„rCD,4 6 . Immunolocahzation of CD146 appeared to be specific to the 
30 mtcrovasculamre witoin dentin pup. Co-locaUzation of both STOO-1 and CD,« » 

^^^^^^^^^^^ 
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in dental pulp and peripheral nerve bundles (unpublished observations), further investigation is 
required to determine the role of this antigen in neural cell development. 

« 

Analogous to BMSSCs, freshly isolated CD146* DPSCs were found to express a -smooth 
5 muscle actin but not von Willebrand Factor. DPSCs were also shown to be an immature pre- 
odontogenic population both by their location distal from the dentin forming surface and by 
their lack of expression of the human odontoblast-specific dentin sialoprotein (DSP), which is 
restricted to the outer pulpal layer containing differentiated odontoblasts. We have previously 
described that ex vivo expanded human DPSCs do not express the precursor molecule, 
1 0 dentinsialophosphoprotein (DSPP), in vitro when cultured under non-inductive conditions^ 
Similar studies have shown that DSPP mRNA was highly expressed in freshly isolated 
odontoblast/pulp tissue, but was not detect in cultured dental papilla cells derived from rat 
incisors.^ It is only when DPSCs are induced, either in vitro,™ or by in vivo 
transplantation to form an ordered dentin matrix that DSPP is expressed. (4) 



15 



In vitro studies of ex vivo expanded BMSSCs and DPSCs supported the notion that their 
progeny were morphologically similar to cultured perivascular cells having a bi-polar 
fibroblastic, stellar or flat morphology, rather than a polygonal endothelial-like appearance. In 
addition, we have previously shown that the progeny of BMSSC- and DPSC-derived colonies 
20 exhibit heterogeneous staining for both CD 146 and a -smooth muscle actin, but lack 
expression of the endothelial markers, CD34 and von Willebrand Factor, in vitro.™ 

Tlie observations that two different mesenchymal stem cell populations such as BMSSCs and 
DPSCs harbour in perivascular niches may have further implications for identifying stem cell 

25 populations in other adult tissues. Recent findings have identified human "reserve" multi- 
potent mesenchymal stem cells in connective tissues of skeletal muscle, and dermis derived 
from human fetal and adult samples.™ However the exact location, developmental potential 
and ontogeny of these stem cells is still largely unknown. In the present study, identification 
of mesenchymal stem cell niches in bone marrow and dentin pulp may help elucidate the 

30 fundamental conditions necessary to selectively maintain and expand primitive multi-potential 
populations in vitro, in order to direct their developmental potentials in vivo. 
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EXAMPLE 2 

$dult human bone marrow MPC are distinct from stromal precursor cells, haematopoietic 
stem cells and angioblasts by their high expression of the STRO-1 antigen and lack ofCD34 
5 expression 

Postnatal bone marrow appears to be a hub of residential stem and precursor ceU types 
responsibIe for blood 04511 formation (haematopoietic stem cells), endothelial development 
(angioblast), and connective tissue/stromal differentiation (stromal precursor cells/bone 
marrow stromal stem cells/mesenchymal stem cells). Recent work by our group (Gronthos et 
1 0 al. 2003; Shi and Gronthos 2003) has, for the first time, purified and characterised human 
multipotential bone marrow mesenchymal precursor cells (MPC) based on their high 
expression of the STRO-1 antigen and by their co-expression of the immunoglobulin 
superfamily members, VCAM-1 (CD 106) and MUC-18 (CD 146). Early studies by Simmons 
and Torok-Storb (1 991a and b), have shown that bone marrow-derived STRO-1* stromal 
15 precursor cells, with the capacity to form adherent colonies in vitro, also expressed the 
haematopoietic stem cell marker, CD34, albeit at low levels. These studies used CD34 
antibody-complement mediated cell lysis to eliminate a high proportion of adherent colony- 
forming cells in marrow aspirates (Simmons and Torok-Storb 1991b). It is important to note 
that while the STRO-1 antibody was generated following immunisation of mice with human 
20 CD34 + bone marrow cells, this may have arisen due to the fact that the STRO-1 antigen is 
also expressed at moderate to low levels on CD34 + /Glycophorin-A + nucleated red cells and 
CD34 + /CD20 + B-lymphocytes. We now offer direct evidence, using sophisticated 
fluorescence activated cell sorting technology that multipotential adult human bone marrow 
MPC express high levels of STRO-1, but lack expression to the stromal precursor cell, 
25 haematopoietic stem cell and angioblast maker (CD34), the leukocyte antigen (CD45)' and 
the nucleated red cell marker (Glycophorin-A) (Figure 6A-C). These data demonstrate' that 
adult human bone marrow-derived MPC are a novel stem cell population, distinct from more 
mature stromal precursor cells, haematopoietic stem cells and angioblast (Figure 7). 

30 Unless otherwise indicated the materials and methods of this example are the same as those 
for Example 1. 
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Figure 6. Expression of CD34, CD45 and Glycophorin-A on STRO-1 positive bone marrow 
mononuclear cells. Representative histograms depicting typical dual-colour flow cytometric 
analysis profiles of STRO-1 positive bone marrow mononuclear cells isolated initially by 
magnetic activated sorting and co-stained with antibodies directed against CD34 (A), CD45 
5 (B) or Glycophorin-A (Q. The STRO-1 antibody was identified using a goat anti-murine 
IgM-fluorescein isothiocyanate while CD34, CD45 and Glycophorin-A were identified using 
a goat anti-murine IgG- phycoerythrin. The high expressing STRO-1 fraction which contained 
the clonogenic MPC population was isolated by fluorescence activated cell sorting based on 
regions Rl and R2. 



10 



Figure 7. Bone marrow MPC are STRO-1 bright, CD34 negative, CD45 negative and 
Glycophorin-A negative. The graph depicts the results of in vitro adherent colony formation 
assays performed for each of the different sorted STRO-1 bright populations selected by their 
co-expression or lack of either the CD34, CD45 or Gycophorin-A antigens, based on regions 
15 Rl and R2 as indicated in Figure 6. These data are expressed as the mean incidence of 
colony-forming units for each cell fraction averaged from two separate experiments. 

EXAMPLE 3. Identification ofmultipotentialMPCin different human tissues 

While the existence and precise location of MPC in different tissues is largely unknown, we 

20 have recently demonstrated that MPC appear to reside in a perivascular niche in human bone 
marrow and dental pulp tissues (Shi and Gronthos 2003). These observations were based on a 
combination of immunohistochemical and immunoselcction methods to identify and isolate 
different MPC populations based on their expression of the mesenchymal stem cell marker 
STRO-1, the smooth muscle and pericyte markers, CD 14 6, alpha-smooth muscle actin and'the 

25 pericyte specific marker, 3G5. We have now extended these studies demonstrating the co- 
localization of STRO-1/CD146, STRO-l/alpha-smooth muscle actin, and 3G5/CD146 
antigens in a wider variety of tissues including heart, liver, kidney, skin, spleen, pancreas, 
lymph node (Figure 8). 



30 To confirm our earlier findings that MPC can be derived from non-bone marrow tissue such 
as dental pulp, we used fluorescence activated cell sorting to isolate different MPC 
populations from adult human peripheral adipose. Single cell suspensions were obtained 
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foUowing digestion of the adipose tissue with collagenase and dispase as previously described 
(Shi and Gronthos 2003). The adipose-derived cells were then incubated with antibodies 
reactive against STRO-1, CD146 and 3G5. Cell populations were then selected by FACS, 
based on their positivity (region R3) or negativity (region R2) to each marker and then plated 
5 into regular growth medium (Shi and Gronthos 2003) to assess the incidence of adherent 
colony-forming cells in each cell fraction (Figure 9). Following 12 days of culture, colonies 
(aggregates of 50 cells or more) were scored and displayed as the number of colonies per 10 J 
cells plated for each cell fraction. Our data demonstrated that MPC can be derived from 
adipose tissues based on their expression of STRO-1/3G5/CD146 antigens (Figure 10). Dual 

1 0 colour flow cytometric analysis confirmed that only a minor proportion of adipose-derived 
cells compressed STRO-1/CD146 and 3G5/CD146 (Figure 1 1). These findings are 
consistent with our previous observations that MPC can be isolated from both bone marrow 
and dental pulp tissue based on the same set of perivascular markers (Shi and Gronthos 2003). 
Furthermore, we provide evidence demonstrating that adipose derived MPC isolated by 

15 CD146 selection have the capacity to differentiate into different tissues such as bone, fat and 
cartilage (Figure 12), as previous described (Gronthos et al. 2003). 

Recent findings examining the existence of MPC in unrelated tissues such as skin has also 
been examined to further strengthen our hypothesis. Single cell suspensions were obtained 
20 foUowing digestion of full thickness human skin with collagenase and dispase as described 
above for human adipose tissue. The skin-derived cells were then incubated with antibodies 
reactive against STRO-1, CD 146 and 3G5 identified using either a goat anti-murine IgM or 
IgG- phyc^erythrin. Cell populations were then selected by FACS, based on their positivity 
(region R3) or negativity (region R2) to each marker and then plated into regular growth 
25 medium (Shi and Gronthos 2003) to assess the incidence of adherent colony-forming cells in 
each cell fraction (Figure 13). Following ,2 days of culture, colonies (aggregates of 50 cells 
or more) were scored and displayed as the number of colonies per 1 0> cells plated for each 
cell fraction. The data demonstrated that MPC can also be derived from skin based on their 
expression of STRO-1 /3G5/CD 146 antigens (Figure 10). Collectively these data suggest that 
3 0 multipotential MPC can be identified and isolated in virtually all vascularised tissues derived 
from postnatal human tissue based on a common phenotype. 
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Unless otherwise indicated the materials and methods of this example are the same as those 
for Example 1. 

* 

Figure 8. Reactivity of perivascular makers in different human tissues. Dual-colour 
5 immunofluorescence staining demonstrating reactivity of (A) STRO-1 and CD 146, (B) 
STRO-1 and alpha-smooth muscle actin, and (C) 3G5 and CD 146, on blood vessels and 
connective tissue present on spleen, pancreas (Panel I), brain, kidney (Panel II), liver, heart 
(Panel ID) and skin (Panel IV) 20X. The STRO-1 and 3G5 antibodies were identified using a 
goat anti-murine IgM-Texas Red while CD146 and alpha-smooth muscle actin were identified 
10 using a goat anti-murine or IgG-fluorescein isothiocyanate. Co-localization is indicated by 
overlaping areas of yellow and orange fluorescence (white arrows). 

Figure 9. Isolation of adipose-derived MPC by FACS. Representative flow cytometric 
histograms depicting the expression of STRO-1, CDI46 and 3G5 in fresh preparations of 
1 5 peripheral adipose-derived single-cell suspensions generated following collagenase/dispase 
digestion as previously described (Shi and Gionthos 2003). The antibodies were identified 
using either a goat anti-murine IgM or IgG-phycoerythrin. Cell populations were then selected 
by FACS, based on their positivity (region R3) or negativity (region R2) to each marker and 
then plated into regular growth medium to assess the incidence of adherent colony-forming 
20 cells in each cell fraction. 3 

Figure 10. Clonogenic adipose-derived MPC are positive for STRO-1/3G5/CD146 The bar 
graph depicts the number of clonogenic colonies retrieved from single cell suspensions of 
enzymatically digested human peripheral adipose tissue, following fluorescence activated cell 
25 sorting, based on their reactivity to antibodies that recognize STRO-1, CD146 and 3G5 

(Figure 9), then cultured in standard growth medium as previously described for bone marrow 
and dental pulp tissue (Shi and Gronthos 2003). The data are expressed as the number of 
colony-forming units obtained per 1 0* cells plated in the positive and negative cell fractions 
averaged from two separate experiments. 
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Figure 11. Immunophenotypic analysis of adipose-derived MPC. Representative flow 
cytometric histograms depicting the co-expression of STRO-1 and CD146 (A) and 3G5 and 
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CD146 in fresh preparations of peripheral adipose-derived single-cell suspensions generated 
Mowing coUagenase/dispase digestion. The STRO-1 and 3G5 antibodies were identified 
using a goat anti-murine IgM-phycoerythrin while CD 146 was identified using a goat anti- 
murine IgG-fluorescein isothiocyanate. Approximately 60% and 50% of the CD146 positive 
5 cells co-express STRO-1 and 3G5, respectively. These data suggest that 10% or more of the 
CD164 positive cells co-express STRO-1 and 3G5. 

Figure 12. Developmental potential of purified Adipocyte^erived MPC in vitro. Preparations 
of primary MPC cultures derived from STRO-l*/CD146+ adipose cells were re-cultured either 
10 m standard culture conditions (A), osteogenic inductive medium (B), Autogenic inductive 
medium (C) or condrogenic conditions (D) as previously described Gronthos et al. 2003 
Following two weeks of multi-differentiation induction, the adipocyte-derived MPC 
demonstrated the capacity to form bone (B; Alizarin positive mineral deposits), fat (C; Oil 
Red O positive lipid) and cartilage (D: collagen type II matrix). 

15 

Figure 13. Isolation of skin-derived MPC by FACS. Representative flow cytometirc 
histograms depicting the expression of STRO-1, CD146 and 3G5 in fresh preparations of full 
thickness skin-derived singled suspensions generated following coUagenase/dispase 
digestion. The antibodies were identified using either a goat anti-murine IgM or IgG- 
20 phycoerythrin. Cell populations were then selected by FACS, based on their positivity (region 
R3) or negativity (region R2) to each marker and then plated into regular growth medium to 
assess the incidence of adherent colony-forming cells in each cell fraction. 

Figure 14. Clonogenic skin-derived MPC are positive for STRO-1 bri/3G5/CD 146 The bar 
25 graph depicts the number of adherent colonies recovered from single cell suspensions of 
enzymatically digested human skin, following fluorescence activated cell sorting, based on 
then reactivity to antibodies that recognize STRO-1, CD146, and 3G5, then cultured in 
standard growth medium as previously described for bone marrow and dental pulp tissue (Shi 
and Gronthos 2003). The data are expressed as the number of colony-forming units obtained 
30 per 1 0* cells plated in the positive and negative cell fractions averaged from two separate 
experiments. 
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EXAMPLE 4 Str+*» Cells Induce Neovascularization (Angiogenesis and Arteriogenesis) 
And Result In Functional Improvement Of Ischemic Myocardial Tissue 

i 

\ 

Figure 1. Engmftment and Survival of Human Stro^ Cells Injected Into Rat Tumors 
5 Athymic nude rats were irradiated with 250 Gy for 5 minutes to remove residual natural killer 
function, then injected spontaneously in the flank with 1 x 10' rat glioblastoma cells Two 
weeks after implantation, the glioblastoma tumors were directly injected with either 500 000 
Stro * cells, 500,000 Stro<*» cells or saline, and animals were sacrificed 7 days later In 2/3 
tumor tissues which received Stro- cells, staining by immunoperoxidase method using a 
10 monoclonal antibody with specific reactivity against human, but not rat, mitochondria, 
demonstrated numerous human cells around the injection site, indicating medium-term 
cngrafhnent and survival. Human cells were not detected in any of the three tissues receiving 
Stro cells, suggesting thatS^ 

m vrvo model system (see panel A). The Stro'"** cells were predominantly to clusters nearby 
15 small capillaries and arterioles (small arrows) (panel B). In addition, several human cells were 
seen to -corporate into vascular structures (large arrow) (panel Q. These data indicate that 
human Stro^ cells can both induce neovascularization of endogenous (rat) vessels and can 
become incorporated into new vessels of human origin. 

20 Figured Induction Of Tumor Neovascularization (Angiogenesis And Arteriogenesis) Bv 
Human Stro"*' Cells. In consecutive sections of the tumor tissue stained by 
unmunoperoxidase method using monoclonal antibodies directed, respectively, against von 
Wmebrand Factor (vWF) and alpha-smooth muscle actin (alpha-SMA), animals injected with 
Stro cells demonstrated significantly greater numbers of capillaries and arterioles (defined, 

25 respectively, by vWF staining alone and combined expression of vWF and alpha-SMA) than 
animals injected with saline. 



F*» 3. STO-, Cells Are More PCen, Induce, Of Neovascularization (Angiogen^ And 
^0^) ^8^00113. Quantilauon of ar.eno.ar nmn b« (dcfined M ^ 
30 stiuchues w,th lumen diameter > 50 microns and circumferential cpreaaion of alpha-SMA) 
d^onsu-ated ma, animal, injected ^ Stro- cells had abnos, eigm-fom greate, number of 
artenoles man seUne-tieated contiola a, me site of injection (40 ± 5 vs 6 ± 2 arterioles/high 



J 



WO 2004/084921 PCT/AU2004/000417 

40 

power field, p<0.01), while no difference could be detected distal to the injection site. 
Animals injected with the Stro dl " progeny demonstrated a modest, two-fold increase in the 
number of arterioles at the injection site relative to saline-treated controls (13 + 3 vs 6 ± 2 
arterioles/high power field, pO.Ol), indicating that the Stro 1 *" progeny contained the most 
5 potent pro-arteriogenic cells following in vi/ro culture. 

Figure 4. Dose-Dependent Effect Of Stro brtg, » Cells On Myocardial Neovascularization. To 
examine whether induction of angiogenesis and arteriogenesis could be extended to other 
tissues, and was associated with biological significance, cultured progeny of Stro-selected 

1 0 cells were injected by direct intramyocardial injection into the peri-infarct regions of the 
ischemic hearts in athymic nude rats who had undergone left anterior descending coronary 
artery (LAD) ligation two days earlier. Animals injected with 1 x 10* Stro* 8 ** cells 
demonstrated three-fold greater numbers of arterioles at the peri-infarct region than animals 
injected with saline (12 ± 2 vs 4 ± 1 arterioles/high power field, p<0.01). In contrast, animals 

1 5 injected with only 0.2 x lO'Stro^*" cells, delivered in a total of 1 x 10 6 unfractionated cultured 
progeny of Stro-selected cells, induced only 50% greater numbers of arterioles at the peri- 
infarct region than saline (6 ± 1 vs 4 ± 1 arterioles/high power field, p<0.05), indicating that 
Str ° bnght ceUs ^ve a dose-dependent effect on arteriolar induction in the ischemic heart 

20 Figures 5, 6 and 7. Stro^'-Dependent Myocardial Neovascularization Results In Global 
Improvement of Parameters Of Myocardial Function We next examined the effects of 
Stro bngh4 -dependent myocardial neovascularization on global parameters of cardiac function 
As shown in figure 5, injection of about 0.1 - 0.2 x 10* and 1 x 10 6 SW^ cells resulted in 
dose-dependent improvement in ejection fraction (EF) at 2 and 6 weeks, as measured by 

25 echocardiography performed and analyzed by a blinded technician. Animals receiving 1 x 1 0 6 
Stro brighl cells demonstrated mean improvement in EF at 2 and 6 weeks of 50% and 75%, 
respectively, relative to baseline values two days post-LAD ligation. In stark contrast, saline- 
treated animals showed only 5% mean improvement in EF by 6 weeks (jXO.01), and animals 
treated with Stro-depleted fresh bone marrow mononuclear cells demonstrated no difference 

30 compared with those receiving saline. Injection of 1 x 10 s Stro W8ht cells resulted in similar 
dramatic improvement in fractional area shortening (FAS) (mean improvement of 70% and 
90% at 2 and 6 weeks, respectively, figure 6). Stro-depleted bone marrow mononuclear cells 
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again had no effect, while modest improvement was seen after injection of about 01 . - 0.2 x 
10 « Stro 1 * 1 ** cells. Finally, as shown in figure 7, injection of 1 x 10* Stro"** cells resulted in 
significant improvement in left ventricular compliance compared with saline-treated controls 
Animals receiving Stro"*" cells demonstrated over 50% reduction in both left ventricular 
5 mean end-diastolic pressure and diastolic pressure (each pO.Ol), and over two-fold 

improvement in dp/A (p<0.01). Together, these results indicate that the neovascularization 
(angiogenesis and arteriogenesis) of ischemic rat myocardium induced by injection of 1 x 10' 
human Stro"** cells resulted in significant improvement in both global systolic and diastolic 
parameters of cardiac function. 
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EXAMPLE 5. Immunophenotypic analysis of ex vivo expanded human bone marrow 
mesenchymal precursor cells 

We have previously reported that multipotential mesenchymal precursor cells (MFC) can be 
purified from adult human bone marrow mononuclear cells based on the phenotype STRO- 
1 5 1**»/VCAM-1 (CD106T or STRO-l^/MUC-1 8 (CD146T (Gronthos et al. 2003; Shi and 
Gronthos 2003). The MFC population can be readily propagated in vitro under defined culture 
conditions (Gronthos et al. 2003). We now present data characterising the ex vivo expanded 
MFC progeny based on markers associated with different cell lineages, at both the mRNA and 
protein level, using reverse transcriptase-polymerase chain reaction (RT-PCR) and flow 
20 cytometric analysis, respectively. 

In the first series of experiments, semi-quantitative RT-PCR analysis was employed to 
examine the gene expression profile of various lineage-associated genes present in the cultured 
MPC populations (Figure 15). Relative gene expression for each cell marker was assessed 
25 with reference to the expression of the house-keeping gene, GAPDH, using ImageQuant 
software (Figure 15 B). In addition, single-colour flow cytometric analysis was used to 
examine the protein expression profile of ex vivo expanded MPC based on their expression of 
cell Imeage-associated markers (Figure 15 A). A summary of the general phenotype based on 
the gene and protein expression of the cultured MPC is presented in Table 1 Direct 
30 comparison of the gene expression profile of MPC described in the present patent 
demonstrated clear differences between this cell population and mesenchymal stem cells 
(MSC) previously described by Pittenger et al. 1999,(Table 1). 
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Unless otherwise indicated the materials and methods of this example are the same as those 
ijbr Example 1 . 



5 Figure 23 A. Immunophenotypic expression pattern of ex vivo expanded bone marrow MPC. 
Single cell suspensions of ex vivo expanded bone marrow MPC were prepared by 
trypsuVEDTA treatment then incubated with antibodies identifying cell lineage-associated 
markers. For those antibodies identifying intracellular antigens, cell preparations were fixed 
with cold 70% ethanol to permeanbilize the cellular membrane prior to staining for 
1 0 intracellular markers. Isotype matched control antibodies were treated under identical 

conditions. How cytometric analysis was performed using a COULTER EPICS instrument 
The dot plots represent 5,000 listmode events indicating the level of fluorescence intensity for 
each lineage cell marker (bold line) with reference to the isotype matched negative control 
antibodies (thin line). 
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Figure 23 B. Gene expression profile of cultured MPC. Single cell suspensions of ex vivo 
expanded bone marrow MPC were prepared by trypsuVEDTA treatment and total cellular 
RNA was prepared. Using RNAzolB extraction method total RNA was isolated and used as a 
template for cDNA synthesis, prepared using standard procedure. The expression of various 

20 transcripts was assessed by PCR amplification, using a standard protocol as described 
previously (Gronthos et al. 2003). Primers sets used in this study are shown in Table 2. 
Following amplification, each reaction mixture was analysed by 1.5% agarose gel 
electrophoresis, and visualised by ethidium bromide staining. Relative gene expression for 
each cell marker was assessed with reference to the expression of the house-keeping gene, 

25 GAPDH, using ImageOuant software. 

Figure 23. Ex vivo expanded STRO-1 « MPC can develop into arterioles in vitro. Single cell 
suspensions of ex vivo expanded bone marrow STRO-1 M MPC were prepared by 
trypsin/EDTA treatment then plated into 48-well plates containing 200^ of matrigel The 
30 STRO-1- MPC were plated at 20,000 cells per well in serum-free medium (Gronthos et al 
2003) supplemented with the growth factors PDGF, EGF, VEGF at lOng/ml. Following 24 
hours of culture at 37>C in 5% CO,, the wells were washed then fixed with 4% 
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paraformaldehyde. Immunohistochemical studies were subsequently performed demonstrated 
that the cord-like structures expressed alpha-smooth muscle actin identified with a goat-anti- 
murine IgG horse radish peroxidase antibody. 
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Table 1. Comparison between cultured human Mesenchymal Precursor Cells (MCP's) and 
cultured human Mesenchymal Stem Cells (MSC's) following ex vivo expansion. Antigens 
found to be present on cell surface, intracellular or in the extra cellular matrix. MPCs expres 
5 markers of tissues with different developmental origin, ie. ECT-ectoderm, MES- mesoderm 
and END - endoderm. 







iWPC 


Differentiated 
Cell Type- 


STRO-1 


-ve 


+ve 




Collagen II " 


-ve 


+ve 


Chondrocyte 

yivtco I 


Collagen IV 


-ve 


+ve 


Fihmhfcact /ypQ\ 
r luiuuidol IIVICO ) 


Laminfn 


-ve 


+ve 


Fibroblast (MES) 


Bone Slaloprotein 
(BSP) 


-ve 




usteoDlast (MES) 


Osteocalcin (OCN) 


-ve 


+ve 


Osteoblast (MEST~ 


NesUn 


ND 


+ve 


Neurai (ECT) 


Glial Fibrillary Acidic 
Protein (GFAP) 


ND 


+ve 


Neural (ECT) 


CBFA1 


-ve 


+ve 


Osteoblast (MES) 


Osterix (OSX) 
Osteocalcin (OCN) 


ND 

-ve 


+ve 


Osteoblast (MES) 


Sox9 


ND 


+ve 
+ve 


Osteoblast (MES) 

Chondrocyte 

(MES) 


Collagen X (COL X) 


+ve 


+ve 


Chondrocyte 
(MES) 


Leptin 


ND T 


+ve 


Adipose (MES) 


GATA-4 


ND 


+ve 


Cardiomyocyte 
(MES) 


Transferrin (TFN) 


ND 


+ve 


Hepatocvte (END) 


Flavin Containing 
Monooxygenase 
I (FCM) 


ND 


+ve 


Hepatocyte (END) 
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Table 2. RT-PCR primers and conditions for the specific amplification of human mRNA 



1 

Target 
Gene 


SfinSd/ AntisenSA f5'«3'\ Primor Qoni innrao 
vviidv/ niiu^vioo / i 1 II lit?! Ot?v|U<7ll\*{;3 


Product 
oize 


GAPDH 

Willi samfm ■ 


CATGGAGAAGGCTGGGGCTC [SEQIDNO. 8] 


417 


a— i© jjmii 


A 1 oUA 1 1 LjvjOAAUUOTGTGC/ [SEQ ID NO. 9] 
GCACCCAGGGCTGAGGTCCA [SEQIDNO. 10] 


492 




t» I GeAUGAGGCAAGAGTTTCA/ [SEQ ID NO. 11] 
TGGCAGGTAGGTGTGGTAGTG [SEQIDNO. 12] 


632 




ATGAGAGCCCTCACACTCCTC/ [SEQ ID NO. 13] 
CGTAGAAGCGCCGATAGGC [SEQIDNO. 14] 


289 




C 1 G 1 1 GtJUAGAGATGGAGGTT/ [SEQ ID NO. 15] 
TCATCGCTCAGGAGGTCCTT [SEQIDNO. 16] 


370 


Nestin 


GGCAGGG I 1 GGAAUAGAGg 1 1 GGA/ [SEQ ID NO. 17] 
CTCTAAACTGGAGTGGTCAGGGCT [SEQ ID NO. 1 8] 


460 


uAlA-4 


wACTTCTCAG AAG G C AG AG/ [SEQ ID NO. 19] 
CTATCCTCCAAGTCCCAGAG [SEQ ID NO. 20] 


800 


PDGFp- 
R 


AATGTCTCCAGCACCTTCGT/ [SEQ ID NO. 21] 
AGCGGATGTGGTAAttHPATA i"Q*Rn rr% isin ^oi 


650 


Osterix 


GGCACAAAGAAGCCGTACTC/ [SEQ ID NO. 23] 
CACTGGGCAGACAGTCAGAA [SEQ ID NO. 24] 


247 


COLX 


AGCCAGGGTTGCCAGGACCA/ [SEQ ID NO. 25] 
1 1 1 1 CCCACTCCAGGAGGGC [SEQ ID NO. 26] 


387 


SOX9 


CTC TGC CTG TTT GGA CTT TGT/ [SEQ ID NO. 27] 
CCT TTG CTT GCC TTT TAC CTC [SEQ ID NO. 28] 


598 


Ang-1 


CCAGTCAGAGGCAGTACATGCTA AGAATTGAGTTA/ 
[SEQ ID NO. 29] 

GTTTTCCATGGTTTTGTCCCGCAGTA fSEO ID NO. 30] 


300 
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CLAIMS 48 

p. m«hod c^npnsmg ^ of administering to ^ patj(a , „ ^ ^ 

poputahon of inched perivascmar mesenchyma, pn!ClJISOr kUs ^ „ ^ 
5 vessel formation in target tissue, ewotooo 

2. The method of formation or teprir of Wood vessels of claim 1 wherein the MFCs are 
positive for the marker 3 G5. 

10 3 ThememodoffoHnanonorrepairofbloodvesselsofolahnl wherein me MPC, are 
positive for the marker STRO- 1 . 



4. me method of formation or repair of blood vessels of claim 1 wherein the MFCs 
positive for the markers MUC1 8/CD146 and alpha-smooth muscle actin. 



5^ The method of formation or repair of blood vessels of claim 2 wherein the MPCs 
additionally coexpress the marker STRO-1. 

20 ^ e ™r^° ff ~ n0r ^ Ofb, ^^^2or3whereinmeMPCs 
20 addaionaUyooexpressthemarkerMUC18/CD14o. 

of formanon or repair ofblood vessels of claims wherein*. MFCs 
additionally co-express the marker VCAM-1 

25 ^^;?r on :^ ofbwv ^° fctoiwh ^^^--ess 

MUCI8/CD146,alpha-smoothmnscleactin,STRO-l,and3Q5. 

*Th, toteftcKi of to—too or repair of blood vesseb of claim 2 or 3 wherein theMFCsco- 
e^ess anv one or more of the ma* ro setected ftum the gronp consisting of THyT 

CDdl.tntegnn betao, 6-19, thrombomodulin, CD 10 CDI3 SCF mrp» Jr 

NGF-R, FGF-R, Leptin-R (STRO-2). 0, CD13, SCF, PDGF-R, EGF-R, IGF-1R, 
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10. The method of formation or repair of blood vessels of claim 1 wherein the MPCs are 
negative for the markers CD34, CD45, and glycophorin-A. 

5 1 1. The method of formation or repair of blood vessels of claim 1, the enriched population of 
MPCs comprising at least 0.01% MPCs capable of forming a clonogenic colony and 
differentiating to three or more mesenchymal tissue types. 

12. The method of formation or repair of blood vessels of claim 1, the enriched population of 
10 MPC comprising at least 0.1% MPCs capable of forming a clonogenic colony and 

differentiating to three or more mesenchymal tissue types. 

13. The method of formation or repair of blood vessels of claim 1, the enriched population of 
MPC comprising at least 1% MPCs capable of forming a clonogenic colony and 

15 differentiating to three or more mesenchymal tissue types. 

14. The method of formation or repair of blood vessels of claim 1 , the enriched population of 
MPC comprising at least 0.01% STRCMbright MPCs. 

20 15. The method of formation or repair of blood vessels of claim 1 , the enriched population of 
MPC comprising at least 0. 1% STRO-lbright MPCs. 

16. The method of formation or repair of blood vessels of claim 1, the enriched population of 
MPC comprising at least 1% STRO-lbright MPCs. 

17. The method of formation or repair of blood vessels of any one of claims 1, 2, 3, 4, 5, 6 7 
8, 9 or 10 wherein the population is enriched from a tissue of the group comprising! but not ' 
limited to, adipose tissue, teeth, dental pulp, skin, liver, kidney, heart, retina, brain, hair 
follicles, intestine, lung, spleen, lymph node, thymus, pancreas, bone, ligament, bone marrow 

30 tendon, and skeletal muscle. 
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1 8. The mem* of fonn^n or repair of uJLeb of claim, 1, 2, 3, 4. 5, 6, 7, 8, 9 or 10 
wherein the enriched population is expanded prior to administration 

I 

a 

■ 19. n. .method of formation or reprir of blood vessel, of claim 18 wherein me expanded 
5 population comprise, a, ,ea* 0.0.% MPCs capable of forming a donogenic colony and 
differentiating to three or more mesenchymal tissue types. 

20. The method of formation or rqiair of blood vessels of claim ! 8 wherein the expanded 
population comprise, a. leas, a 1% MPCs capable of forming a clooogenic cofony and 

10 mffereimatiiigtomreeormorenie^hyiiBUnaMierypea. 

21. Thememod of formation or repair of Wood v«se b of claim 18 wherrin the expanded 
population compel a, least 1 % MPCs capable of forming a clooogenic colony and 
differentiating to three or more mesenchymal tissue types. 



IS 



^method of fetation or repair of blood vessels of Cain, 18 wherein ^ expanded 
population comprises at least 0.1% STRO-1 bright MPCs. 

20 i 3 ;rr e ^^^^ 

20 population comprises at least 1% STRO-1 bright MPCs. 

nlu? a r eth0d ^ f<>nnati0n ° f bl °° d V6SSelS ° f d3im 18 Wher - ^e expanded 

population comprises at least 10% STRO-1 bright MPCs. 

25 25 ^^emodoffonnauonori^airofbloodvesselsofclaimiR^K • «. 
are expanded in the range of between 1 02 to 1 04 foil 

26. The method of formation or repair of blood vessels of claim 1 wherein the nonulat, * 
3Q "^admmste^ 

27. The method of formation or repair of blood vessels of claim 1 wherein th e _ , „• , 
cells is administered systemically * populahon of 



WO 2004/084921 

PCT/AU2004/000417 

51 

28 The mernod of formation „ ^ o(blooi mxls 0{cMm , whcreijlthe 
•cells is administered topically. 

5 2*The mchod of formation or repair of bk>od vessels of claim , wherein a, leas, abou, ,05 
MFC are administered. 

30 The method of formation or .pair of blood vessels of claim I wherein a, ^ abon, ,0o 
MFC are administered. 
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^me*„d of formanonor repair ofblo^vesseU of data . wherem a. leas, about ,07 
MFC are administered. 

32. ncmeA^offormanonorrepairofbloodveasebofeldm 1 including ,be 
15 coadministration of a snbslance to enbnnce formation of blood vessels. ~ 

20 34. Th.meUKH.offormanonorrepairofb.ood vessels of claim , wherem said patient is in 
ne* of Ueatineu, for a condition select nnm the group consisting of cerewlcX 

36. The method of formation , 



human. 

30 



or repair of blood vessels of claim 1 wherein the patient is 



method of formation or repair of Mood vessels of claim 1 wherein the MFC is 
modified to express an exogenous gene. 
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38. The method of formation or repair of blood vessels of claim 1 including the 
(coadministration of hematopoietic bone marrow cells. 

5 39. The method of formation or repair of blood vessels of claim 1 including the 
coadministration of endothelial precursors cells. 

40. A vascular graft formed by the method of claim 1 . 

10 41. A method of repairing damaged tissue in a human subject in need of such repair, the 
method comprising: 

(a) obtaining an enriched population of MPC, and 

(b) contacting an effective amount of the enriched population of MPC with the damaged tissue 
of said subject 

15 

42. A method of repairing damaged tissue in a human subject in need of such repair, the 
method comprising: 

(a) expanding the enriched MPC of claim 41 in culture, and 

(b) contacting an effective amount of the expanded cells with the damaged tissue of said 
20 subject 

43. The method of claim 41 or 42 wherein the damaged tissue is myocardium. 

44. The method of claim 41 or 42 wherein the damaged tissue is myocardium and the said 

25 subject suffers from a cardiovascular disease comprising, but not limited to, ischemic heart 

disease, coronary artery disease, acute myocardial infarction, congestive heart failure, 
cardiomyopathy, or angina. 

45. The method of claim 43 or 44 wherein an effective amount of the enriched MPC is 
30 adrninistered to thereby treat the cardiovascular disease. 
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46. The method of claim 43 or 44 wherein the cells are introduced into the body of the subject 
by localized injection, systemic injection, in a patch, or on a stent 

i 

<> 

47. The method of claim 43 or 44 wherein the effective amount of the enriched population of 
5 MFC is administered by intracoronary catheter, or by intramyocardial, transradial or 

transendocardial injection. 

48. The method of claim 43 or 44 wherein contacting the enriched population of MPC with 
myocardium results in improved cardiac function. 

10 

49. The method of claim 43 or 44 wherein contacting the enriched population of MPC with 
myocardium results in reduced numbers of apoptotic cardiomyocytes and/or in increased 
numbers of regenerating cardiomyocytes. 

T 5 50. Th. method of claim 1, 43 or 44 whe^m contacting me tmriched population of MPC with 
myocardium result, in increased number, of blood vessel,, arteriole,, capites and venules, 

51. TTre method of claim 1, 43 or 44 wherein the enriched population of MPC secrete 
^ ^-^^^.mangiogenesis.vas^ 

52. Thememod„fclaim 1,43 or 44 wherein the enriched population of MPC assemble into 
new blood vessel structures. 

25 1 ZT, T" !f. Chim 43 M 44 WierciD OTiChed ° tWC and 

25 assemble into cardiomyocytes. 

54. A method of using the MPC as in claims 1, 43 or 44 wherein the cells are autologous. 

^ 55. A method of using the MPC as in claims 1. 43 or 44 wherein the ceUs are from an 
JO allogeneic source. 

56. TTte metitod of claim 41, 42 or 43 wherein the MPCs are positive for the marker 3G5. 
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57. The method of claim 41. 42 or 43 wherein the MFCs are positive for the marker STRO-1 

t 

58. The method of claim 41, 42 or 43 wherein the MFCs are positive for the markers 
5 MUC18/CD146 and alpha-smooth muscle actin. 

59. The method of claim 56 wherein the MPCs additionally coexpress the marker STRO-1. 

61. The method of 57 wherein the MPCs additionally co-express the marker VCAM-l. 

62. The method of claim 41 , 42 or 43 wherein the MPCs co-express MUCl 8/CD146, alpha- 
15 smooth muscle actin, STRO-1, and 3G5. 

63. The memod of claim 56, 57 or 58 wherein the MPCs co-express my one or more of .he 
markers selected from the group consisting of THY-1, VCAM-l, ICAM-1 PECAM I 

20 .odulin, CD.0. CD 13> SCF, PDGF-R, EGF-R, IO F. 1R , NGF-R, FOF-pI ^ R 

6* The method of claim 41, 42 or 43 wherein the MPCs are negative for the markers CD34 
CD45, and glycophorin-A. 
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63. The method of claim 41, 42 or 43 comprising a, leas. 0.0,% MPCs capable of fonning 
olonogemc colony and differentiating w three or more mesenchymal tissue types. 

66. The memod of Cairn 4,, 42 or 43 comprising a. leas, 0.1% MPCs capable offering a 
30 d »»»8«coolonyandmfferentiating to u^ormoremesenchyma l t i ssu. WJ e S . 



a 
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67. The method of claim 41, 42 or 43 comprising at least 1% MPCs capable of forming a 
clonogenic colony and differentiating to three or more mesenchymal tissue types. 

68. The method of claim 41, 42 or 43 comprising at least 0.01% STRO-lbright MPCs. 

69. The method of claim 41, 42 or 43 comprising at least 0.1% STRO-lbright MPCs. 

70. The method of claim 41, 42 or 43 comprising at least 1% STRO-lbright MPCs. 

10 71. The method of any one of claims 56, 57, 58, 59, 60, 61, 62, 63 or 64 wherein the 

population is enriched from a tissue of the group comprising, but not limited to, adipose tissue 
teeth, dental pulp, skin, liver, kidney, heart, retina, brain, hair follicles, intestine, lung, spleen, ' 
lymph node, thymus, pancreas, bone, ligament, bone marrow, tendon, and skeletal muscle. 

15 72. The method of claims 56, 57, 58, 59, 60, 61, 62, 63 or 64 wherein the enriched population 
is expanded. 

73. The method of claim 72 wherein the expanded population comprises at least 0.01% MPCs 
capable of forming a clonogenic colony and differentiating to three or more mesenchymal 

20 tissue types. 

74. The method of claim 72 wherein the expanded population comprises at least 0.1% MPCs 
capable of forming a clonogenic colony and differentiating to three or more mesenchymal 



tissue types. 
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75. The method of claim 72 wherein the expanded population comprises at least 1% MPCs 
capable of forming a clonogenic colony and differentiating to three or more mesenchymal 
tissue types. 3 

30 Z T ! e ^ 0< ' " f ^ 72 Wherein "* eXPa0ded ***** «"»**- « 0.1% STOO- 
l bright MPCs. 
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■ WcT* ° f ^ " M ™ p ° pu,ati0 ' 1 - — <% smo- 

L^T^r aemefcodcomptisingthe 
I O them to differentiaie into new blood vessels. 

80. Heme**, of fonnaoonorrepairofblood vessels of dajm 
posuve for the marker 3G5. 

postive for the markers MUC , 8/CD! 46 and alpha-smooth musde actin. 

82. ^ of formation or repair of blood veaaeia of claim 79 whe™ the MPCa are 
poshve for the markers STRO-1 . ^ s 816 

20 

SXThe method of formation or repair of blood veaaeia of eiaim 79 wherein the MPCa 
additionally coexpress the the maricer STRO-1. 



25 ° f t ° m " i0a " "** ° f ^ o^aim 79 wherein d. MPCa 

25 additionally coexpress the marker MUC18/CDI46. 

85^,. method of formation or repair of Wood vessels of e!aim 79 wherein the MPCs 
addinonallyco-expressthemarkerVCAM-l. UMMfCs 

30 86. The method of fonnation or repair of blood vessels of daim 79 wherein the MPC 
express MUCH/CO^, ahtha-smoothnmsCe actin, STKO-1, and 3^ ~ 
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87. The method of formation or repair of blood vessels of claim 78 wherein the MPCs 
negative for the markers CD34, CD45, and glycophorin-9. 



are 



88. The method of formation or repair of blood vessels of any one of claims 80, 81, 82, 83, 84, 
5 85, 86 or 87 wherein the population is enriched from a tissue of the group comprising, but not' 

limited to, adipose tissue, teeth, dental pulp, skin, liver, kidney, heart, retina, brain, hair 
follicles, intestine, bone marrow, lung, spleen, lymph node, thymus and pancreas. 

89. A vascular graft formed by the method of claim 79. 

10 

90. A composition for use in inducing heart vessel formation comprising a population of 
mesenchymal precursor cells (MCPs) in a phannaceuticaly acceptable carrier, said MPCs 
carrying a perivascular marker and being a vascular progenitor. 

15 91. A composition of claim 90 wherein the MPCs are positive for the marker 3G5. 

92. A composition of claim 90 wherein the MPCs are positive for the marker STRO-1. 

93. A composition of claim 90 wherein the MPCs are postive for the markers MUC18/CD146 
20 and alpha-smooth muscle actio. 

94. A composition of claim 91 wherein the MPCs additionally coexpress the marker STRO-1. 

95. A composition of claim 91 wherein the MPCs additionally coexpress the marker the 
25 marker MUC 1 8/CD 1 46. 

96. A composition of claim 92 wherein the MPCs additionally co-express the marker VCAM- 



30 



97. A composition of claim 90 wherein the MPCs co-express MUC18/CD146, alpha-: 
muscle actin, STRO-1, and 3G5. 
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98. A composition ofdaim 91 or 92 wherein me MFC co-expresses a marker Peered from, 
but not touted to, the group comprising, THY-1, VCAM-1, ICAM-I PECAM-1 
P 49a/CD49b/CD29, CD49cVO>29, CD49d/CD29, CD29, , CD6., integrin betai 6-,9 
5 ( ~. 0dUUD ' CD10 ' CD "- SCF ' PD0F - R ' IGF - IR - «H FGF-R, Leptin-R 

99. A composition of data 90 wherein the MFCs are negative for the maAe* CD34, CD45 
and glycophorin-A. 

10 ^ Acompositionofclaim90com^^^ 

clonogenic colony and differentiating to three or more mesenchymal tissue types. 

A composition of claim 90 comprising at least 0.1% MPCs capable of forming a 
clonogenic colony and differentiating to three or more mesenchymal tissue types. 

102. A composition of claim 90 comprising at least 1% MPCs capable of forming a 
clonogenic colony and differentiating to three or more mesenchymal tissue types. 

103. A composition of claim 90 comprising at least 0.01% STRO-1 bright MPCs. 

104. A composition of claim 90 comprising at least 0.1% STRO-1 bright MPCs. 

1 05. A composition of claim 90 comprising at least 1 % STRO-lbright MPCs. 

25 1 06. A composition of any one of claims 91 , 92, 93, 94, 95, 96, 97, 98 or 99 wherein the 

W T f\ ' ^ ^ ^ ** bone „ 

lung, spleen, lymph node, thymus and pancreas. mairow, 

30 l 7 ch ° tWy ° f C,a,mS 91> 92 ' * n 95 ' * W - 98 « » ~ me 

ennched population is expanded. 
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108. A composition of claim 107 wherein the expanded population comprises at least 0.01 % 
MPCs capable of forming a clonogenic colony and differentiating to three or more 
mesenchymal tissue types. 

5 109. A composition of claim 107 wherein the expanded population comprises at least 0.1% 
MPCs capable of forming a clonogenic colony and differentiating to three or more 
mesenchymal tissue types. 

1 10. A composition of claim 107 wherein the expanded population comprises at least 1% 
10 MPCs capable of forming a clonogenic colony and differentiating to three or more 

mesenchymal tissue types. 

1 1 1. A composition of claim 107 wherein the expanded population comprises at least 0 1 % 
STRO-1 bright MPCs. 

15 

1 12. A composition of claim 107 wherein the expanded population comprises at least 1% 
STRO-lbrightMPCs. 

1 13. A composition of claim 107 wherein the expanded population comprises at least 10% 
20 STRO-lbrightMPCs. 

1 14. A composition of claims 90 or 107 wherein the cells are autologous. 

1 15. A composition of claims 90 or 107 wherein the cells are from an allogeneic source. 

1 1 6. A composition of claims 90 or 107 wherein the cell population are expanded from 
between 102 to 1 04 fold. 

so r^r^T of ciato 9001101 said comp ° si,ion being * * ^ **> 

30 the target tissue or close to the target tissue. 

1 1 8. He composition of claim 90 or ,07 whereto a, leas, about 105 MPC are adnuuistered 



5 • 



WO 2004/084921 

PCT/AU2004/000417 

60 

1 1 9. The composition of claim 90 or 107 wherein at least about 1 06 MPC are administered. 

120. Tne composition of claim 90 or 107 wherein a. leas, about 107 MPC are administered. 



121. Toe composition of claim 90 or 107 wherein a substance to enhance formation of blood 
vessels is coadministered. 



10 



122. The composition of claim 90 or 107 wherein the target tissue exhibits i 



ischemia. 



123. The competition of claim 90 or 107 wherein aaid patient is in need of treatment for 
eerebrovaaeular ischemia, renal iactania, pulmonary ischemia, limb ischemia, iaehemie 
cardiomyopathy and myocardial ischemia. 

1 5 124. The composition of claim 90 or 107 wherein the patient is a non-human mammal. 

125. The composition of claim 90 or 107 wherein the patient is human. 

126. The composition of claim 90 or 107 wherein the MPC is modified to express an 
20 exogenous gene. 

127. The composition of claim 90 or 107 wherein the composition is coadministered with 
hematopoietic bone marrow or endothelial precursors cells. 

25 128. The composition of claim 90 or 1 07 wherein the enriched population is substantial* free 
of hematopoietic precursor cells and endothelial precursor cells. 

129. The composition of claim 90 or 1 07 additionally comprising one or more blood vessel 
promoting compounds. 



30 



130. The composition of claim .29 wherein the blood vessel promoting compounds are one or 
—e^nomdte^oupconsishn^faeidieand basic fibroblasts,™ 



WO 2,KM/,»,«, FCTMIB0M-M..7 

cndofteaal grow* factor , epkte^ gro^ fl^ r , ^fo^ 
Pla^en^ cndotheiiai grow* tacor, plateletKtelived ^ ^ 
f?o.or alpha, he p atooyte ^ ^ ^ ^ ^ ^ aythropo . edni 

stunulatu* actor, macrophag^CSF, graoulocytetaacrophage CSF and nitric oxid^thas. 
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A 1© 4 K — 




3G5 (FITC) 

B ■ 

Cell Fraction #CFU-F/10 8 celts 



BMMNC 13± 26 

R1 : 3G5VCD146* 360 ± 45 0 

R2: 3G5VCD146- o 

R3: ZG5+/CDU6* 58±112 

R4: 3G5^CD146" 0 

R5: 3G5**>CD146 4, 1 ± 1 0 

R6: 3G5++/CD146- 0 



Figure 4 
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Figure 6 
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Figure 7 
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Figure 14 
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Figure 22 
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j Sequence Listing 

<110> Medvet Science Pty Ltd 

<211> 24 
<212> DNA 



35 



<223> Primer 
<400> 1 

15 c tatTOagag gacgccacgc ctgg 

24 

<210> 2 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 2 

catagccatc gtagccttgt cct 

23 

<210> 3 
<211> 16 
<212> DNA 

"i?"* Artificial Sequence 
<223> Primer 

<400> 3 

catgagagcc ctcaca 

<210> 4 16 
<211> 17 
<212> DNA 



20 



25 



30 



<213> Artificial Sequence 
40 <223> Primer 

<400> 4 

agagcgacac cctagac 

45 <210> 5 17 
<211> 21 
<212> DNA 

< ?" > Artificial Sequence 
<223> Primer 

50 

<400> 5 

agccgcatct tcttttgcgt c 

<210> 6 21 
55 <211> 21 
<212> DMA 

<f?£ ^"^^ Sequence 
<^^j> Primer 

60 <400> 6 

tcatatttgg caggtttttc t 

<210> 7 21 
<211> 20 
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<212> DMA 

<213> Artificial Sequence 
<223> Primer 



<400> 7 

cactgacacg ttggcagtgg 



20 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



<210> 8 
<211> 20 
<212> IMA 

<213> Artificial Sequence 
<223> Primer 

<400> 8 

catggagaag gct gygy ctc 20 

<210> 9 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 



<210> 10 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 10 

gcacccaggg ctgaggtcca 20 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 11 

gtggacgagg caagagtttc a 21 

<210> 12 
<211> 21 
<212> TXOk 

<213> Artificial Sequence 
<223> Primer 

<400> 12 

tggcaggtag gtgtggtagt g 21 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

<400> 13 

atgagagccc tcacactcct c 21 



<210> 14 
<211> 19 
<212> DNA 
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<213> Artificial Sequence 
<223> Primer 

<400> 14 

cgtagaagcg ccgataggc 

19 

<210> 15 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 



15 



<400> 15 

ctgttgccag agatggaggt t 

21 

<210> 16 
<211> 20 
<212> ENA 

<213> Artificial Sequence 
20 <223> Primer 

<400> 16 

tcatcgctca ggaggtcctt 

20 

25 <210> 17 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

30 

<400> 17 

ggcagcgttg gaacagaggt tgga 

24 

<210> 18 
35 <211> 24 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

40 <400> 18 

ctctaaactg gagtggtcag ggct 

24 

<210> 19 
<211> 19 
45 <212> DNA 

<213> Artificial Sequence 
<223> Primer 



50 



<400> 19 

gacttctcag aaggcagag 

19 

<210> 20 
<211> 20 
<212> DNA 
55 <213> Artificial Sequence 
<223> Primer 



60 



<400> 20 

ctatcctcca agtcccagag 

20 

<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<223> Primer 



<400> 21 

aatgtctcca gcaccttcgt on 

5 

<210> 22 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
10 <223> Primer 

<400> 22 

agcggatgtg gtaaggcata 20 

15 <210> 23 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

20 

<400> 23 

ggcacaaaga agccgtactc 20 

<210> 24 
25 <211> 20 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 

30 <400> 24 

cactgggcag acagtcagaa 20 

<210> 25 
<211> 20 
35 <212> EWA 

<213> Artificial Sequence 
<223> Primer 

<400> 25 

40 agccagggtt gccaggacca 2 Q 

<210> 26 
<211> 20 
<212> DNA 
45 <213> Artificial Sequence 
<223> Primer 

<400> 26 

ttttcccact ccaggagggc 2 q 



<210> 27 
<211> 21 
<212> ENA 

<213> Artificial Sequence 
55 <223> Primer 

<400> 27 

ctctgcctgt ttggactttg t 

60 <210> 28 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<223> Primer 



21 
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10 



<400> 28 

cctttgcttg ccttttacct c 

21 

<210> 29 
<211> 35 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

<400> 29 

ccagtcagag gcagtacatg ctaagaattg agtta 

35 

<210> 30 
15 <211> 26 
<212> ENA 

<213> Artificial Sequence 
<223> Primer 

20 <400> 30 

gttttccatg gttttgtccc gcagta 

26 
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